INTRODUCTION 


Colleen is the code name for a video game-home computer 
product that contains a modified 6502 microprocessor, 4 I/O 
chips, operating system rom, and expandable ram, and several 
MSI chips for address decoding and data bus buffering. 

This manual is intended to primarily describe the 4 I/O 
chips in sufficent detail to allow experienced programmers to 
create the operating system code and to create assembly language 
application ROMS, such as video games. All 4 Input-Output chips 
are controlled by the microprocessor by writing directly into 
their registers which are decoded to exist in microprocessor 
memory space just as RAM does. These I/O chips can also be 
interogated by the microprocessor by reading simmilar registers. 

It is realy not necessary for the programmer to know which 
I/O functions are performed by which of the 4 chips, however it 
does help in learning these functions. 


CHIP NAME FUNCTION 


ANTIC 


CTIA 


DMA(direct memory access) control. 

NMl(non maskable interupt) control. 

Vertical and Horizontal fine scrolling 
Light pen position registers 
Vertical line counter 
WSYN(wait for horiz. sync) 

Priority control (display of overlaping objects) 
Color- Lum control(colors and brightness assigined 
to all objects including DMA objects from ANTIC) 
PLAYER-MISSILE objects (4 players & 4 missiles) 
Graphics registers 
Size control 
Horiz. position control 
Collision detection between all objects 
Switches and triggers(misc. I/O functions) 


POKEY Keyboard scan and control 

Serial communications port (bidirectional) 

Pot scan ( digitizes position of 8 independent pots) 
Audio generation(4 channels) 

Timers 

IRQ( maskable interupt) control 
Random number generator 

PIA - Controller(Joy stick) jacks read or write 

Peripheral control and interupt lines 
IRQ( maskable)interupt control from peripherals 

The next few pages will introduce some of the concepts 
needed to understand the Colleen I/O system. 



IMA (Direct Menory Access) 

The primary function of the Antic chip is to fetch data from 
memory (independent of the microprocessor) for display on 
the TV screen. It does this with a technique called"direct 
memory access" or DMA. It requests the use of the memory 
address and data bus by sending a signal called HALT to the 
microprocessor, causing the processor to become "TRI-STATE" 

(open circuit) all durring the next computer cycle. The ANTIC 
chip then takes over the address bus and reads any data it wishes 
from memory. Another name for this type of IMA is "cycle stealing. 

Once initiated, this DMA is completly and automatically 
controled by the Antic chip without need for further microprocessor 
intervention. The DMA control circuit on the Antic chip resembles 
a small dumb microprocessor. By halting the main microprocessor 
it can fetch it's own instructions from memory(the display list) 
addressed by its program counter (display list pointer). Each 
instruction defines the type (alpha character or memory map),and 
the resolution(size of bits on the screen),and the location of 
data in memory,to be displayed on the next group of lines. 

In order to begin this DMA the main microprocessor must store 
a display list of instructions in memory, store data to be displayed 
in memory, tell the Antic where the display list is(initalize the 
display list pointer) and enable the IMA control flags on the 
Antic(DMACTL register). 

In addition to the type of IMA described above,that is used 
to generate Alpha Numeric characters and memory map (playfield) 
displays, the Antic chip simultaniously controls another DMA 
channel. This type of IMA addresses PLAYER-MISSILE graphics data 
stored in memory and passes the graphics data on to the CTIA 
chip graphics registers. This type of DMA (if enabled) occurs 
automatically interspersed with the playfield IMA described 
previously. This PLAYER-MISSILE IMA has no display list or 
instructions, and is therefore much simplinr than the PLAYFIELD 
DMA. 

In order to begin PLAYER-MISSILE IMA the main microprocessor 
simply tells the Antic chip where the data is located in memory 
(loads the player-missile base register PMBASE) and enables the 
proper DMA control flags on the Antic chip (DMACTL reg.) and 
on the CTIA chip (GRACTL reg.). 

In addition to the two types of DMA described above, the 
Antic chip also generates IMA addresses for the refresh of the 
dynamic memory RAMS used in this system. This is also completly 
automatic and need be considered by the programmer only if he is 
concerned with real time programming where an exact count of the 
computer cycles remaining(after the 3 types of DMA have taken 
their cycles) is important. 

The data fetched by the Antic with PLAYFIELD IMA (Alpha 
characters or memory map) is stored in a shift register and 
converted into real time serial output for transmission to the 
CTIA chip where it is assigined a color-luminance,and compared 
against other displayed objects for collision detection and 
priority assignment. 

The data addressed by Antic PLAYER-MISSILE DMA(players and 
missiles) is routed directly to shift registers on the CTIA chip 
where it is converted into real time serial data representing 
individual players and missiles,which are assigined color-lum 
values and compared against each other and Playfield for collision 
detection and priority assignment. 



OBJECTS 


There are Basically two types of objects produced by 
the I/O chips for display on the TV screen ; graphics objects 
and playfield objects. Area on the screen where there are no 
objects is called Background. Background is not the same as 
blank or black. It is simply the area where objects are not. 

Graphics objects are further divided into Players and 
Missiles. They are limited in width to 8 bits for each player 
and 2 bits for each missile. Their vertical height is unlimited. 
Their horizontal position on the screen is determined by a horiz¬ 
ontal position register for each object. Player-Missile data can 
be fetched from memory by the microprocessor or by the Antic chip 
(using Player-Missile DMA). This data is then stored by the micro- 
processor(or automatically by DMA) in registers on the CTIA chip 
where it is held and outputed to the TV screen whenever the horiz¬ 
ontal sync counter equals one of the horizontal position registers. 
Players and missiles will appear as vertical bars unless their 
data registers are changed by the microprocessor(or by the data 
in memory if in Player Missile DMA) durring the actual screen 


display time. 

Playfield objects are further divided into Memory map and 
Characters. Unlike Player-Missile objects that can be moved by 
simply changing their horiz.position register,Playfield objects 
have a location on the screen that is determined by their location 
in memory, and by parameters stored by the microprocessor in the 
DMA display.list in memory. Memory Map playfield data is fetched 
from memory automatically by the Antic chip where it is placed 
in a shift register and converted to serial output for the TV 
display. Character playfield data,in contrast, requires two fetches 
from memory by the Antic chip. First the Antic fetches the names 
of the characters from memory and places them in a shift register. 
These character names are then used to address the actual data 
which is fetched from memory and converted to serial output for 
the TV display. All playfield serial output data'passes through 
the CTIA chip before being sent to the TV display.There it is 
assigined Color-luminance and Priority and tested for Collisions 
with Graphics objects 


COLOR LUM _ . . _ 

A color luminance register is used on the CTIA chip for 
each Player-Missile and Playfield type. . Each Color-lum register, 
is loaded by the microprocessor with a code representing the 
desired color and luminance of it’s corresponding Player-Missile 
or Playfield type. As the serial data passes through the CTIA 
chip it is "impressed" with the color and luminance values 
contained in these registers, before being sent to the TV display. 



PRIORITY 


When moving objects such as players and missiles , overlap on 
the TV screen(with each other or with Playfield)a decision must 
be made as to which object shows in front of the other. Objects 
which appear to pass in front of others are said to have Priority 
over the ones they pass in front of. Priority is assigined to all 
objects by the CTIA chip before the serial data from each object 
is combined with the other objects and sent to the TV screen. 

The priority of objects cam be controlled by the microprocessor 
by writing into the control register PRIOR. The functions of the 
bits in this register are given in the table on page B4. 

COLLISIONS 

Overlaping objects are considered to have collided. This is 
detected by a real time occurance of simultanious serial data from 
more than one object generator. Hardware register bits are used 
to store 60 of the possible 72 collisions. These collision bits 
can be read by the Microprocessor as described on pg.11 and B6. 

INTERUPTS 

Interupts are described extensivly on pg.20. Below is a 
brief list to itemize the types of interupts provided. 

Instruction interupt.(requested by any display instruction) 
Vertical Blank int.(req.by beginning of vertical blank) 

Reset button int.(req. by pushing reset button on panel) 

Break key int.(req.by pushing break key) 

Other key int.(req.by pushing any key) 

Serial input int. (req.by serial port input) 

Serial output int.(req. by serial port output) 

Transmission finished int.(req.by serial port output) 

Timer interupts (3 each, req.by audio timers) 

Peripheral interupts(2 each, req.by serial port devices) 

Almost all of these interupt sources can be masked on command 
of the microprocessor and have status bits which can be intero- 
gated and reset by the microprocessor. Even the interupts 
defined as "non maskable"(NMI)on the microprocessor have mask 
bits on the I/O chips which can be set by the microprocessoi. 

WSYN 


In addition to a Vertical Blank Interupt, which allows the 
microprocessor to synchronize to the vertical TV display, this 
system also provides a Wait for Horizontal Sync (WSYN) command 
that allows the Microprocessor to synchronize itself to the 
TV horizontal line rate. This sync takes effect when the processor 
writes to an I/O location called WSYN, whenever it desires 
horizontal synchronization. Writing to this address sets a latch 
which pulls to zero a pin on the microprocessor called READY. 

When READY goes to zero the microprocessor stops and waits. The “ 
iatch is automatically reset(returning READY true) at the beginning 
of the next horizontal blank interval,releasing the microprocessor 
to resume program exicution. 
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VERTICAL AND HORIZONTAL FINE SCROLLING 


Playfield objects are difficult to move smoothly. Memory map 
playfield can be moved by rewriting sections of memory,however 
this is extremely time consuming if large sections of the screen 
must be moved smoothly. Character playfield objects can be moved 
easily in a jerkey fasion by changing the memory scan counter, 
however this results in a large position jump from one character 
position to another,not a smooth motion. Eor this reason hardware 
registers and counters are provided to allow smooth horizontal 
or vertical motion, up to one character width horizontally and up 
to one character height vertically. After this much smooth motion 
has been done by increasing the value in these registers,memory 
is rewritten or the memory scan counter is modified and smooth 
motion is resumed for another character distance. The details 
of the use of these registers is given on pg.12 and pg.A4 

LIGHT PEN 

A "light pen" input is provided which is connected to the 
Antic chip. This light pen signal captures the value of the 
vertical line counter and the horizontal sync counter in two 
registers, PENV and PENH , whenever the signal goes from true to 
false because of light falling on the light pen. The microprocessor 
can then read these two registers to determine the pen vertical 
and horizontal position. 

VERTICAL LINE COUNT 


The microprocessor can also read a location that contains the 
present TV line number being displayed. This allows the micro¬ 
processor to modify the display depending on the present vertical 
location of the TV spot creating the display. 
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RPPGftRS TIP CDASTF IN 5gA At? /TDSa POLY COUA/TB RJ~{3 ryPS s) 
CLOCKED FT TTT OU /S£^ •F(?Eg|/6VC7, THfX POLY COUNTER MORE 

- i *4 CQ / Y 77 ?tfUg ^ ay ■Brrr 5 j b, ptasq n op tcpcvf pudca 

~ ‘ EE.cfWSB. THE POLY, C0VA/TEZS ATRPE. SHS/IPl-EQ 

BY TTrE. "DIVIDE. I3Y AY" FREQUENCY DIVI06C? , THE. 0DTTVT 
CGVI H/SL't CFA/A/O 7 CHPASSE PASTER. THTTAS THE SH/YlPUNP 

BATE. /Ay THESE /V\0Q£S> ( POLY NOISE OISTPtSTE/S) THE BW/IQQQ1 
PRft THERE PORE PCTIAI6 RS *LO\AS PASS" FILTER, CLOCKS^ 
ALLOWlA/6- D/UL'I THE LOMU FKB (2UEA/CY NOKSB. TO PPrSS, 





OOO 

OOO 

— <N^ * 
COOO® 

CN04CN 5 
2 


THE OUTPUT OP THE. A/OISE CDA/TKO L Cl R.CDIT DE3CRIBBD 
ABOVE CCYVSlSTS OP PURE TOAXfeS^£fll/A^E WAVE TYPE) OR 
POLY A/OAA IA U C (7 U A/TEA. ZVi’ISE AT A /VIA >i/VW/V| PRElOL/EVCV SET 
BY THTe‘DIVIOE. AJ'' CDU/VTER ^LOIV PASS CLOCK), TH-iS> 

OUTPUT CAN BE ROI/TEG TAROVeH A W/CH PACS F/LTEK IP 
DP^SIREO, (flUDCTL BITS I ftA/Q 2.), 


VkJ 




» 

► 


LOW PASS WO\SE 
CUT CEP SB T BY 
D\IMGI= BY A/ CDU ASTER 


'Jo L 
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oeo 

«o*n*o 

oot/ico 


III 

ooo 

‘OOO 
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lovj paea, /vguse 


AA/\ CHPrAJA/EL A/OISE tft/TPl/T (WlTHOtfT H/6H PASS P1LTER.) 


VOL 



^HAA/A/EL 1 OC/TPt/T £ WITH H\CH PASS FILTER.) 


f 


VOL 

4 CHPlW. 4- 

COR 3 4- 4-') 
4BY W' 




HPW.'T. (OR I 4-Z) 
BY N 


cha/ua/e.\- 'z oisrrur( with h-ich pass f/lter) 


AUDIO NOISE FILT&R5 


—^ F/?£-&, 


> F-RHG? 


7>PRE(a 




1 5 


H-iati PftZS F^LTHgftS. 

TH-e f-ttfcH PASS FILTER CO/V5I573 C7F A V 'D" FLIP 
FLOP AA/O PiN E.XCLVSI VE -OR GftiTE * THf. E- AIOHE L0A/TR.0 L 
CIRCUIT OUTPUT 15 5AMPU-SD BY THIS FLIP FLOP AT A 
RATE. SET I3Y THE "** IflStt PPCS" CLOCK, THP_ l/VPt/T ft/VD 
(OUTPUT OF T7TE FLl P FLOP PASS THROUGH THE E.XCLl/5ll/G - <?R 
GAT2£_, IF T7T6. FUP FLOP 1AHPI/T 15 CHPiT&IA/L M V LH- FASTER 
TH'ft/V THE CLOCK RATE. } THE SISA/ftL UU ILL PASS E ftSI LV 
TH'ROUCti THE. E'K—DP G ft T~Q, HO UU EVE RL IF - IT I Sa LDU/EtL 
THE A/ THE C.LOC\< RATE , THE FLIP FLOP OUTPUT ‘MILL TEA/D 

TO FOLLOW/ THE I A/PUT PA/O Tltil T WO E X.-OR 5AT6- I si/PUTS 
OMUL MOSTLY BE IDex/Tl £ A L (^1 I »a £><?) GW ia/g- LTEAY little. 

OUTPUT# THIS 61U fES TTTF EFFECT OP /ft CPU DEL Iftl&ht PASS 
FT LTTE R , PASS I NO A/D\ 5<E U/f+OS/E /VDA/IAAUAA FR E& US.VCT Z $ 
SET GY THE- ttl£A PASS CLOCK RATE, £>yl/LY CHAV A/E i S 
i A A/D 2_ WAVE. 5£/<£JA /T IAIG.H- PASS F1LTSR. THE HIGH PASS 

CLOCK EDO. CHft/UA/ftL. 1 CO/H ST^fFROm . CHft/U/KBL 3 Dll/I £>£<R f 

T}f£|tUtt PASS £LO£i< FOR CA ftW&L 'Z. EVADES FROM 
CHAA//UBL ft- Dll /lOBfL, TH\5 F\LTET IS tfa&LUQEP OA/LV IE 
&IT~ I OR T. - OF AUCncTL IS TP W E • . 


5D£ 


VPLlWe C(M/TRUL, 

VOLUME COA/TR 0 L C! R CU IT IS PLACED FT 
TTfiE. £?L/TP (/T~ 13 ft CH CH-ftA/A/SL. * THIS IS ft CR ft 

DIGITAL TB PM/AL^A COAJVERTER THAT SELBOOV 

OF OS' GL £/R 76. ROSS/OLE OUTPUT CURRS/U. LEVELS FOR * 
LWIC -mi/E BUOID I lUPUTs A LOCIC ^ERO AI/DIC? l/VlU7 ' 

UOLU/nE CIRCUIT ALLUUAYS dl/ES A// 0 PEA/ CIRCl/l T£Er E-R 0 
CURRB/UT) OUTPUT. THE VOLUME seLBLTO/U 1<L COVTPLULBD 
13V PITS OTHKU3 OF PUD CX , VoLU/VlE £ OA/TT. 0 L CW^/T 
CA/W 13 E IA/1/0KEO BX FDRCW&THIS CIRCUIT'S AUDIO 1/UfiuT TRUE 
WITH BIT A OF WOW. IAU TAIS MODE THE Dll/IO£RS ; 

NDUE COVAJTERl i A/VTO PILTGR CIRLU/73 ARE- ALL O\SC0A/*JECTL O 
FR£W m£ CHPiA/A/E L OUTPUT. O/VLY THE VOLUME. CONTROL 
BITS ( 0-3 OC A-UOW) DETEPMIA'C THt£ CHft/UA/EL 

OUTPlT^O/^ReVi^ P1/TP(/T OF A/WV CHAAI/VEL CAAI R(= 

Cff^UF.Tl'r Tl/R/VSQ »FP RV OT.TV.S. iE«« ^0 TO« 
\JDUJmfL COATTKOL BITS OF AVIiCK- WE, E < UEf. 

/viax//yh/a> volume • 



SER l ft L PORT 


G EAJ BRAL THE GERlAl PORT CP/VS ISIS OF- F 

SfER lAL DftTfl DUTPUT(TR ft A/SMI SSIOW) LlNE } A 5ERIA L D ADA 
INPUT (RrZ.CE.Wea) LI WE } P\ SERIAL OUTPUT CLOCK LlW'Ej Pi 
&l- DIRECTIONAL SERIAL DA-T7* CLOCK LIA/E ] AND OTHER. 

/V)l SC. CONTROL LI WES DfESCR\!2EO 1 A> THE CHAPTER CALLED 
'SERIAL PORT PROTDCA Lll'. DATA IS TRANSMITTED PrATQ 

R'ECBtL CEO AS 3 BITS OF SERIAL D ATE PRECEEOEQ QV At 
LDCIC ItERO FTART BlT } AND ZUCCEEQG .O BY Ft LOGIC TRUE STOP 
01 T t \UPUT AND OUTPUT CLOCKS ARE Ei IS l/AL TO THE BWD 

^Gir) rate. j nth t l times bal/o rate., tra/vs/vutteb d ata 

CHANCES WHEN THE. OUTPUT CLOCK COES TRUE. RECSlUEO 
DATA IS, SAMPLED WHEW THE. I/UPUT CLOCK COES TV EERO. 


5£Rl AL Q\J I POT THE TRANSMISSi ON SE.6HJF.WCfz. 

BEGINS WHEN THE PROCESSOR. WRITES <3 G/73 OF PARALLEL 
DATA IJUTD THE. SERI A L OUTPUT REGISTER ()Sf=R.DUT) ( S EE. 
HL'DIO H SERIAL PORT BLOCK DIAGRAM) , WHEW ANY PREI/II7U5 
DArTTV G YTH. TR PiNSMlSS I ON IS FINISHED THE AAROll//rRe WILL 
AUTOMATCALlY TRANSFER. 'NEON DATA FROM (5E.R.0UT) TV 


T7HEL OUTPUT SHIFT REGISTER } \NTERUPT THE PROCESSOR. 
TO INDICATE. AAJ EM PTH (SE5R.0UT) REGISTER. (READY TO QE 
R.£LOHOE.Q WITH THE. NBYT BYTE. OF D ATA) 5 AND AUTO MAT! LPilCY 


5ERIAU'/ TTANSMUTT THE SHIFT REGISTER CONTENTS WITH 
STAR T~ 5 TVP BITS ATTACHED, IF THE PROCESSOR RESPONDS TV 

THE. INTER!/PTj AND RELOADS SE.ROUT BEFORE TAG. SHIFT 
REGISTER. IS COMPLETLY TR DA/SM ITTE O j THE. SERIAL TR Pr A/S/HIS5) W 
V\JILL RE SMOOTH AND C OMTINUDUS . 

OUTPUT D ATTl IS NCR/Y) ALLY TRANSMITTED AS LOGIC 
LEVELS C-t-HV - TRUE OV ~ FALSE). DATA CAN ALSO I3E TRANS- 
/y)\TTED AS TWO TONE INFORM AT) OA/. THIS MODE IS SELECTED 
BY BIT 3 OF SERCTL •- IW THIS /HPOE /AUDIO CAANA/BL 1 IS 
TR Pi N SM > TTE.D IN PLACE OF COLIC TRUE , AND AUDII? CHANNEL '2. 

IN PLACE OF LOGIC "E-E.R.D, CHANNEL 2 MUST QE THE 
LOWER TONE. OF THE TONE PH' P.. 


THE PROCESS OP. CAN FORCE THE DATA DUTCU j 
LINE TO EERO (UP. TO AU1M0 CH.T— j IF UV TUQ TONE. MODE) BY 
SETTING BIT T OF SERCTL. THIS IS RE^l/lRcO TD FORCE A 
BREAK ( IO HERDS’) CODE TRANSMISSION. 



SE/?lrtL PVT PVT CLOCK 

THE 5«=R'.AL CPUTPST DftTTF ALLWrt'/S CHAAACES 
IV HEW TH f~ SERIAL OUTPUT CLOCK GOSS TRUE. THE 
CLOCK THE A/ RETURNS TO EBRO \ AJ THE CBASTER C F 
THE OUTPUT DATA Q I T T/YE - 

THE EAUO(rSlf) R PTE— OF- THE OATTr A/SO 
CLOCK 15 DETB-FAD/US-O BY J AUDlO CHAA'A/BL AiSrDIO 
CHHAJ/VB L 3 6 OR GY THE JASPl/T CLOLK ) D E PGA/O tMG OAJ 
THfE. SERIAL MO DE SELECTED BY BITS 4-, 5, C OF SERCTL.. 
(s/ZYE CH-ftRT AT J=A/D OF TTfiS TBdlDAj) 

SE.R^U T-IVPUT TH-HE REC51VIWS- 5 E3UEASCE 

13 E.&IA/S WI+&V THE HA ROUS ARE bt AS RECEIVED 
A EO/V1PLIFTYE. S 13 f r~ 5E4iflL DATA U/0AQ PLUS 
START AA/O STVP BITS , THIS DATA JS AVTDM AT\ CArLIV 
TRAWSFERED TO THE S BIT P,TRHLLEL l/UPST 
REGISTER. (SFAXA/J ? Ayt/Q 77A3- PROCESSOR IS 1/VTERUPTBQ 

TO r/WOlCHTB- AAJ I A/PUT DATA BYTE. READY TIP B& 

READ \AJ S ERICAS. THE PROCESSOR. MOST RES POS'D TV 
THIS lA/TERUPT^ AAS D RGAO SE/?!^ BEFORE- THE AS EXT 

IMPUT DATA WORD KECE\ PTO/V 15 CO/V1fLETE-, OTA/=RW15)E| 
AA/ I A/Pl/r DATA "Ol/ER-ru;/^" UyILL OCCUR, THIS WILL BE 
I A/D\ C ATE.& 13 s / BIT £ OF THE. SERIAL P0RT 5T7VTVS 
REGISTER (S l< STAT) , AASD ME HAAS IM PV T DATA Hr AS 
BE (3/1/ LOST. TTHS G) T~ 5 H-CH/LQ BE TE5TE0 U/HEMEVEF 
SERUM IS READ, BIT 7 0F 51< STAT 5 HOVL0 ALSO 8£ 
THSTFEO TT7 DETECT FRA/VIE FERRERS CAU5E0 BY ESTRA 
(OK M\SS\MG) DATA BITS/ 

DlftBCT SERIAL i/VPl/T TY£ SERIAL DATA IMP AT DIME 
CNKJ BE REAO DtRECTLN 13V THE /YU CUP PR' CESS OR IF 
DESIRED, I GAJ OR I A) C THE SHIFT REGISTER. } 0Y REAQI AS G 
131 T A OF SKS TAT . 






f3 l-D\RHCl 1 0AM1_ CLOCK T7Y/5 clock lia/E- is useo 

TV EITHER RECEIVE. A CLOCK FROM A A/ EY-TSRMAL CLOCK 
SOURCE. FO/C C LOCK IMG "PR AM5/Y) 1 TP5d OF RECEIVED 
□ ATT\ ^ OR 15 U 6 EL TV SUPPLY Pr CLOCK TV fHXTT=fW A 1 
DEVICES r A/ D 1 C ATI MG- TT-HEE. T"R AA/5AilT~ OR. RECEIPT! ON RATE. 
THIS CLOCK LIA/E D) RECTIOm 15 DETERMl A/EQ &Y TWE. 
SERIAL 5£Lecn£0 BY BIT'S A, 5 , L OF 5ERCTL. 

(SEE MODE CHART AT THE EA/O OR THIS SECTl OA) < 

TRAMS/A ) TTEQ D PrTPr CHAV OSS 0/0 71TE RlSI/VC EGGS OR THIS 
CLOCK. RECEIVED D ATA IS SAMPLED OAJ Tl+E TRAILING- 
EC6E OF THIS CLOCK. 

/VSM/VCHKQN0U5 SERIAL lA/Pl/T \j \jclocked serial 

DATA( FT FA/ APPRO/. I MUTELY KA/O WA/ ( ± 5 RATE.) C-A/V BE 
RECEIVED I A; THE FSYA/CHPOMOU 5 /MODES. T7+E RECEIVE 
(\NPUT\ SKIRT R66 IS TER. 15 C.LOCKEQ BY AUDIO CHAA/M6L 
4✓ CHA/VA/ELS 34 A SHOULD REUSED TZ?6S7~HGR( AUDCTL 
3 IT 3 — \ ) FO R INCREA5EO RESO Ll/Tl OAU, IN' ASYA/C, MODES , 
CI+PrN>AUELS 3 /M/0 4- A£E RE5E7" BY EACH START R)T FT 
THE BEC/A/A/IMC OF EACH SERIAL OATH BYTE. THIS ALLOWS 
THE SERIAL DATA- RATE TC7 BE S LIGHTLY D I FFSRBMT 
FROM THE RATE. 5ST BY CIHAA/MSLS 3 4 4, 

SEY?)#L /V\VbG~ C O/VTR 0 L t hit re are £ us £ full aaodgs 

(OF THE FOSSHIUE S’) CPMTROCLSO 13V TIT5 4,5,0 OF SGXCTL , 
THESE. ARE DESCRIBED OX/ THE. NEXT PACE . 

NOTE. THAT TWO TOME OUTPUT(SiT 3 OF SGACTL.) /HAY 
LSEL USE a IM AAA/ OF THESE A) ODES EXCEPT FOR THE BOTTPA) 
PAIR. THIS IS BECAUSE CHAM 6 IS US 60 TP SET TITS OUTPUT 
TR A a/SMI TV FATE AMO IS THEREFORE NOT AO A HAGUE FOR 

OA/E OF THE TL. TOMES. 

/VOTE THAT THE OUTPUT CLOCK RATE IS IQEA/TlCAL TO THE 
OUTPUT DATA RATE, 
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^ P D (z _ C 0/ J ) R 0 L ( 5££ ft LSD RECISTBR. 

OESCRl PHD/; 5£R CTL~) 

s -RORCE. BREAK 


VI 

DL 

D5 

04 

i _1 

D3 

DZ 

D1 

D£9 


zekctl REQnnea 


■P0~r 5 CPs A/ /AMD K£Yf3 0A r?Q CTRL 
TlA/O TONPL COAUTPOL 
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MODE. C0A/TR01 Bi~ 


~r< 


■ PtWASCHR DtODVS 



1 

1 

D4 


DU 

DS 

ovriouT 

1 rate! clock 

1 M 

RATE 

Bl-DIR. COMMEftTC 

tCLDCK ’ 

0 

0 

D 

EXT. 

; 

ext. 

EXT 

j TRAMS, 4 RECEIVE RATES 
EXT, | SEF 6Y J=XT£RA//?L CLOCK 
!A/PUr ALS0 //VFERMAl CLOCK 

PKW6 RESET TP ZERO 

0 0 1 

ext; 

ext, 

Cl+A ft 

4" 

© 

TRAftS. RATE SET BY 

EXT. EXTER/VAL C.L£7CR. 

IA/P1/T R&CEII/E +) 

i 

0 1 0 


, 

CHAN. 

4- 

CHAM 

4- 

TB AMS. 4-RECEIVE RATES 
CHAA/) -SET BY CHAM A-, 

’ CHAM 4- OUTPUT OAU 31 ~ 
OUTPUT OIRECTIOMPrL CLOCK LIAU/= 

0 1 I 


CA4 

(g) 

0 H- + 

(B>. 

INPUT f\JDT UP 15 FULL 

IDO 

: CJ+ftA/, 

i * 

i 

^____ j 

CAAAA 

i 

i 

&xr 

TRAMS'. RATE SET BY CitA/V 4. 
T RECEIVE RATE 5£F BY 

( ‘^r,p U r e-yttz/wal clock 

: MO 1 

IC/tZ-t 'i 

1 <a> 

CHr4 1 
<&> ! 

CH 4 
6) 

M/P IT MOT USE FULL 

! i i o 

j 

1 

{ - 

j 

i 1 

1 

■ CHPiAJj 

1 ^ : 

i I 

i i 

I 

CRAA/ ! 
Q. 

l 

j 

CHAM ' 

-4 

! 

- 

TRAMS, RATE SET GY CHAM Z 
CHAA/ R (TCE1 l/E h •> >i n 4" 

A- CA/Tv 4 OLT PA/ Bl- DIRECT. 

OVTpyj CLOCK DAUB. 

CH-fr/V 

1 1 1 2 

5 ‘ 

i 

CHPrM 

Z 

CHAM 

4- 

© 

j TRAMS. IRrYTZ SET 07 CHAM 2 . 
RECeiVE PrSUftC .(CAAft 4} 

^ 0T BI-D1R. CLOCK MOT L/SEQ 

ysco 


TW C7 TV ft EL ( BIT 3) AUDT USE* GLfZ I M THESE. /WOfOGS 









4 2 3U2 200 SHEtTS 5 SQUARE 




I 

_|_1_ 

t/vtbrupt s n / $Tj^/n I 

<G&A/&RPlL THEBE fl-RE TWO f3HSIC T'/PBS OF 

l/VTEFUPTS ' DEF5/VSQ CAJ THfE M 1 C RO PFOCESSUR. ' /1/A1Z 
(a/DAJ AAPiSK FdLGL TA/TERUpf) Pr/UD J1 R.(3 {l AJTERUPT REQUEST) 
IT IS R BC OM/'A BMP E Q TH FT Pr THOROUGH L/A/D ER. 5 TPtA/D IMC- 
OF THESE. IA/TFRU PT TVP65 BE. F6/U\RGD GV REHQI/VG- 
ALL CH HPTBRT C OAJCERAJl AJ C I/UTEPUPTS I A/ THE. G>ZD‘ 2. 

/yi I CRO PROCESS OK. PRD6RA/VDA2C 4- W/>I?QM/«I?£ /VI HA/l/HL 5 * 

1AJ TH-IS 5 VSTES/V\ AJ Mil UUTERUPTS ftRB US BO FUR. 
VIDEO DIATLAN A A/D RESET y TR. 13. I/VTBRUPTS AGE /SEO j 
POR SERIAL PC7RT (ODAI/MV/ViLA'nt’/O'j PERIPMERfll DFUlCf=,S , 
TI/V1ER5 j FA /D K'E'I DOARO iA/PUTS , 

A/ M ~ T/VfBRVP~£ ElV'TEA/ Tl-r/'/SH A//V 1 T OUTERUPT 

ARE " l/J//>WSKAOL&° /M/ 77VE. 44) CROPRO CGSSO/Z. ) THIS £'/S7T/V\ 
HAS IA/TT-PVPT E/UHBLE ('rTTcr') BITS FOR IBPtCH A/ME 
FUV CTIQAJ. (BITS £ ) G> ) 7 OF A/A/IXE/i/) \AUHGJU THESE Bi 73 /9V?£ 
EERO ALL A/AA XL IA/TERUPTS /ARE D I SS/h2L£d(/V) HSHEO) 

PREVENTED FROM CFUSiA/C Pr M\ LAO PROCESS DR, A/ME VUTERUPT 
(SEE /V/HIE/V REGISTER DE5CRiPTWm) THE 3 T/PES.OE 

/WAT tASTERl/PTS ERE', 

J_ # D7 = /A/6TRI/6THM2 IA/TS RU_PT~( PI/1? I A/S DI5PLAV T)/»£ PtMH 

DlSPLAV I4/5T(RU<:T117/V l/VITH Bli"7 = l U//LL CHOSE THS | 

IMTERUPT TD CCCUIK( iF EA/fi&LG q) RT TH£6TfiftT DF 
TIE LAST Virseo LI/VE of the aapde/ 

2.. D6 = V ERTICAL (3LA/VX J/VTERVPT ^ ? a/tc /? i; p ~ OCCURS 

() F Jr/VABLEQ) AT THE BFFIW/VIWC OF THE 
VEJ27EAL 0LA/VK TimG- \AUTERUH L -) 

j 

3. D5 = R ESET BUTTON ■ /UTERUjP T ( PUSHU/C THE F R OWT 
PPrA/fL L BESET 13 UTTOA/ IX/ILL CHOSE THIS 
IA/TERUPT TO OCCUR) 



SIA/CE /TA/V OF THESE IA/TERUPTS WILL C/rUSE 
THE PROCESSOR. TO T (2/4 P TO THE 5A/M/E A/7V1.77 /TDDRESS; 
THE 5 V STEM /ALSO HAS A/MI STATUS BITS WHICH SV\ AY 
BE E/H/Vil A/f=D 13'/ TH E PROCESS /PR. TV DETE.RMl.UE 
WHICtt SOURCE C FUSED TH E ASM X I A/TEFl/TT. 131 73 5,^,7 
OF NAATCET SERVE THIS FUVdn/yQV (5 BE A/AA VST REGISTER 
DES C RIPT L)A/J THESE STATUS BITS HR E. SET BV THE 
C OR RES PC//RiHF I.VTt ftl/PT FU/VLTH?vf El/EV IF TH £ 
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i 0-1 
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IK/TERVPT IS /Y)PSRED FRO/d THG PROCESSOR. 13V 
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(VMTfr/vJ TftG. 5TATV5 f3l FS /vmv r3IE_ KGSGT TOCETHFR 
B\ UWIT1VCT& 77H/E AOOOfESS AZ/VIIRES ✓ 


ALL THREE lASTBRUPT E-SSHQV/E. E) 7~S (&ITS 5, L 
OF A//y\TB/J) PrRG CLGPtRE O A VTOMfiTI CftLl'l &UR.IASO- 
S VS T7E/V1 ROWER TUPJS OAS A/t'0 T>f E.P & FUftjE A//HX 
IA/TT=R 1/1® FS PrRE I A/ITM.LV D155 ftG>U=0 (aa P/?l=V£V77/t| 

A,VY POWER TISRAS OAS 5S=RV\ OE ROUT)WE. EROAA PEIAS6- 
IASTERUPTEO PG-F0R.Fi PROPER l/V/TH-LI EAT OAS PE RESISTS^ 
A/VO PO!ASTERS , Hi EV £ /M/ THEaS RE EASES LEO TV THE. 
PROCESS PR \ASYT F=SSE\S FT DESiREO i OV M/niTM/fi A ± //l/7T> 
BITE 5 j 6 j OR 1 DF AS/S) TEAS, EXCEPT FOR THE RESET 
I3UTTVW ! ASTERS FT^ THE V £AA/ £> S£ D)<6/ft3L£Q 13 V 

THE. PROCESSOR. BY M/A; D/V£ A EERO I AS TO BITS L, PR ~J OF 
ASAAT ESS. OWCE ESVAQLEO , THE PESQ.T EUTTOAS CAM AS ST 
BE DlSSHQLEQ , ELLOWIASC PAS UASSTOFAliLE EXCAPE 


FRORA A/VY POSSlEUE^H-RSSS VP" COASO\TO/S . 

THESE A/mZ_ I ASTERVPT PSASCT PASS ME EACH 
5EPMATEO /A/ TJ/V)E (TV PREVEWH OVERLAPS) A/VO 
C OA/VERTEO TO PSLSES ) BY TTTE. SVSTE/V) H Pr ROUSARE , f AS 
ORDER TV 5LSPPL V AS SV\Tl TR PASS )S)T 0 ASS REQUIRED 13V 
THE MICROPROCESSOR. L C> £ I C , 






XR (51 I N T~E RVPTS tr« iaute/Iupt are. all 

/VlfirSKABLFL." T06BTHER. BY OASE BIT OF THE- ST/HP US 
RE/SISTEF OAS THE AVI) C RD P RDCESSOR. THIS BIT 15 SET TV 
THE DISSHGLE. COA/DITIOAJ AUTV.*)AT\CftlW BY FPLJUBR TUKAf OAJ 
TO PR EVE AST /N TER'UPT OF POWER TURN OK) SERVICE. ROUTI/V/SS* 
I/O AO 0\T) OAS TP THIS PROCESSOR XRtf /YIAStt BIT, THERE ARE 
SEPARATE SYS TEA) IR« i ASTER UPT FAS ABLE. BITS FOR. EACH 
TORS. I ASTER 10 PT F UAsCTWAu [ BITS O THRU ~7 OF TZRlOEAs). T7PESE 
Bits ape ajo t i/si tali fed bv power tvras rw } aasq /nusT 

Bl=- 1/VITHLlteO f3V THE P ROC AAA BEFORE E AS A/2 EL I AS C THE 
PROCESSOR XR«* THE B TYPES OF IRS l/ISTERUPTS ARE) 

D7- BREAK KEY ( depress) o/u of the bbehk key) 

D 4 c OTtffBR. KEY ( " of shasy other. Key) 

05 = £ER)fH INPUTREADY( by teof ser)pl data has 

BE BW RECEIVED <C IS R EADY TV BE R£AO BY 
THE PRO CASS PR. IJV SERI/V RESISTED.) 

DA* - 5ER)AL OUTPUT /VEEDEQ(ev7T= of serial data is ae/suo 

TRP> ASS/W l TTEO A A/D SEROIST IS READY TP 6 E 
WRlTTSAs TO ASAl/V BY THE PROCESSOR) 

D 3 - TR ft A 1 SWISS WAV FIN/SHED^serial data trfassmissio/u 

IS FIASISHBD. OUTPUT SHIFT REGISTER IS f=AHPTf) 

D2- - TI/V\fzR #4- ( AlVDiD DIVIDER ±t A HAS COUATTED DOWAS 

TO FERO) 

01= TIMER #Z (AUDIO DIVIDED H 2. HAS LDUA/TEO DlSUSW 

TV EE.Ro) 

QO - TIMER 1* I (aup)D diviogk. a i has couasted doh/w 

TL> EBRD 


\fj AODIT) OAS TV THE Ff30Vf= IRS l A/TERUPTl [EsVABUEO \ 
BY B ITS O THRU 7 OF TLRl2E.AU AAUD I DEASTlFlEQ 12'/ STATUS 
BITS O THRU 7 OF IR£!5T) THERE ARSE. TWO SWORE SYSTEM 
T1RQ i ASTER \S PT5 , 

Q 7 OF PACTL = PERISH BRAL''iR // / ASTER'S AT STATUS 8 IT 

DO °F PACTL = rER\ pherai’a" iasteruft easadle. rarr 
D1 OF PDCTL = n ''b" • » otatvs bit 

DO °f= PBCTL = »» "B>" " EASABIE BIT 

THESE L PST TWO I AUTT RUPTS ARE h UTOAA ATI CALL'/ DVSrtecGO 
BN P0WVER- TU(\AU OAS 1 A A/D THEIR STATUS BITS ABE RESET 







<<< 

ooo 




!3'f Rea01/Vi FR'JAA RORi Pt REGISTER RA/O PORT 13 REGISTER, 
(5/EE. RORTP. , RPCTLj PORTE } PECTL REGISTER. DESC /?/ PTiJWS) 

\ 'P -rz. X. R $ I EJJ R EC15TE R. ^ L\ \<E THE A//VTC Eyt/ 
RB«S/5T/3R^ EAURALES I ASTER OPTS 'uUHBAA I T'5 E ITS Pr R & 1 
(lD-CIC TRUE), THE JZR&ST HO UUBUECZ (UAUL IRE THE 

/VMXir) tfPi S WTERUPT STPTl/S BITS, THAT ARE 
NOR !YmitV LOGIC TRJE ) fFA/Q &D TD EERO TO INDICATE 

prjo ia/tbropt ee&uest, the z&sst status bits are: 

KEYSET (kETV R A/EO TO LOGIC TRUE) OAJL'I GY [A/niTlA/S 

R 1=. ERD IAJTD THE CO RREEP OAJLIAJG- ~R6? EAA BIT. THIS 
WILL DlSrt-QLtL TH EL l/ST'&R t/f* 1 /¥/Sfj 5 l/WU LTTr A/ i &V 5 Lv 

R EC ST ( put TR U e) THE l A/TERUPT~ STftTVS Q IT. 

H WOT IE , BIT 3 0 P TRUST IS /V£T A LATCH- AA0 DDES A/DT 6ET 
R6S6T EX I/VTE&VPT" D)SSA£Lg* IT IS TRUE bUr+E/D THE. SERIAL OUT 
IS ERf’TX(DVT FIAIISH6Q) RA'Q BrCRO /T /S A/tfT. 









EbWLTW/VS 

ENABLE. 

5TATV5 

1 

STft TVS 
RBSBT 

HMT 

\1UT£RU?T5 

DISPLAY 

VERT. BLK. 

R e<ZET 
BOTTOAJ 

A//V1ZE./V 

(bits^thrut) 

NORM, EERO 

(dissableq) 

| NfAT^r 

(CITS 5 ; TH«U7j 
A/0R/Y1. ^FERp 

;(A/0 lA/TERl/Pr) 

adore; s 
/V/TIXRES 

^RESETS ALL N/V\i] 
(j TFT US T £76 erne A 7] 

I 

WVTERJpn 

KB IS 

SERIAL 

PORTS 

T7/VISAS, 

TRafB/V 
(bitj S7j thru i) 

EERO IS 
(niSSA/3LEo)^C 

IRlAST 

(hits O Tneu 7) 
NO RPR . TRUE 
£vfl IA/TEMP7) 

reset(tp true) 

BY -EE?D //V 
C0RRES PlM/Obl/L 

13 J T 0 F 7 rftSE/V 

8iT3)^ 

PERTH. 

ft 

DB of Pftcn. 

/V0R/VU EE RD 

(diss rqleo) 

07 OF PACT! 

(a/p ia/teri/p r) 

RESET GY 
R.E.AOWG PPRTP> 
R&61STE R. 

! 

PERIPH 

B 

D ©• of PBCTL 

/V0R/V\ EERO 
(blSSTBLEo) 

D7 ofP&CTu 

PJOR/n.hERO 
((00 IMTERUPfj 

RES^r BY 

P EftOl^ P(7RT E 
RBaiSTfE R 

NOTE. 3SRSEA/ 1 S A/OT AUTO/V) ATI C ALU CLEARED 
PrT POWER TOR AS PAW, 











PLmFtei^ C7I3JECT A/I/O 
CHAKIACT1E R 6EA/£RftT0R 
- 13 L OC K D I A6ft AA A- 














CDLL\51 OJJ K N_S± COLOR- LUA) 
RLPCk DIA6AftA\ 




















ft 


HMftCTL ^DIRECT /ne/viCRM ACCESS C0/VTK0L) 

THIS AOOR65S LV R ITBJS D ATW //V7T T?T£ 

d/v)a- cua/t r. 0u Yse&tsrrza* 


4/*r 

{/$ £ C 

j&5 M 


Dl' 

Dl 

Dfr 



X x 

o 

0 


0 

D 

o 

_ 

DPAPs DISPLAY I.VHIISIT ^ 







O 1 

Nn&SkDW(lZ<zT) 

, , > L PL AYP1EL0 
STAA/OA/?C(/LPj > DAAM 







i O 

.. .. . 







1 1 

WIDE-^/Tz) _J EA/ft(1Ll ~ 






1 

PUSS 1L 

lE. DM/A EA/ABLE. 





11 

PLAYER 

DPA A EA/ABLE. 


i 


t 

PL AYE R.-/YUSS) IE. S//V6LE LI A/E R ES L?L L/TIO/V 



1 




! 

!W STRUCT 17 A/ FETCH DAI A E//AGLE 

i 

>% NOTE’, 

ALL E5R0 

i 

fS POLDER Tl/A/Y £,v £.ONnmd/V 


< < < 
=;33 
TOO 


. * 3 


t 


t 


DUSTL (display list lou/) 

THIS A00R&53 U//3IT1&.5 DA7A \A>TV TUB L9W 
BYTTs T7f€ DJ 5 PL AY LIST COVAHTB.R, ' 


DX 

DL 

DS 

m-! 

D3 

Dl 

Dl | 

D0 


7 & 


4* 


O 


<015 PLAY LIST" COUNTER. 
1bIT PDSUIOAj 


DUST H (display list huh) 

TTflS »0/)/?£S5 WRITES DA-77* iATD TH£ IY/5H 
BY77= 0P TH& DISPLAY U5T C/PLLVTS^ 


Dl 

DL 

DS 

Dt 

Dl 

DZ 

Dl 

D0 

15 

it 

/3 

IZ 

// 

jg. 


s - 


DISPLAY LIJT COUAJTE.fi. 
BIT- P05 mo Ay 


THE DISPLAY LIST /5 A LIST OF DISPLE Y I A/STRUCT VMS 
IN A1EA1HRY. THESE- t sVCTRUCTUWC ErRE ADDRESSED 
BY TWE DISPLAY LIST" COUMTErR. , L ORDIFG- 
T7YESE REGISTERS DETW6S ThHE A OOP£55 
CP THE EECLVNKUe. CE THE. DUPCft'/ LIST* 

NOTE'] THG_ TCP b BITS ARE LATCHES C/CLY A/VO Artl/E 
/VC CCl/.VT PA P ABILITY/ THERE PORE THE DISPLAY LIST 
CA-/V /VCT CROSS A I K BYTE /V1E/WDRY &0U/VQ ARY 
WITHCI/T TT+e [USE CP A JUMP (A/STRUCT! U/U 






C H A CT L (dH AY*ALTE R. Ci7/VTU0L) 

THIS AOOResS WRITES DATA l/VTP TW £ 
CHARACTE/Z. CP/VTKOL. REGISTER 

/wot t/seo oz di oe 


fa *2. CHfl&FCT £ R. VfefcTltAU REFLECT G/T 

THIS GIT IS SAW PLED AT THE G G.6IA//VIAJ& OF BFCU 

LiA/F of cHf\(*bcreay, if true it causes 

THE Ll//e CP CHfiRKCTEIZS TT? REFLECT(j/JVEFT) 

I/6RT1 CALLY- 

„ _ . „ / l/S€0 F*«. 4-t; \ 

Dl. CHARACTER VIDEO IJVVERT FLAG[ chaik . /neoe t?NC<] 

if BIT 7 0F CH ARACrerC a?DE. 13 TRUE THIS FLAG- 

CAUSES THAT CHARACTER T0 BE BLACK 0-V bL'HITE, 

D&. CHARACTER BLA/VK (BLl/VK.) F LAG (*£*£. JnAe dVL'A 

IF BIT 7 0F- CHARACTER C0OE IS TRUE THIS FLfiO- 
CftVSES TWAT CHARACTER TD BLA/VK , 


/V/VIIEA/ MASKABLE WTERVAT IBA/fUlLe) 

THIS A00ness WRITES DATA 7T the nmt 

l/VTERUPT fEA/A HUE. BITS, THESE BiTS 

ARE THE l/VTEAl/FTS ARE Dl5S/fr&LE0£/»m$/<r^<9.. 



D7. HV5Trtl/CTH7/t/(DISP. US? //V5T) \A>TEAUpr BA/AH LE 

THIS BIT 15 CLEARED BY POWER RESET A/VO /DAY 
T31E SET" dR CLEARea BY TffE PROCESSOR. 

Dt. VEflj; BUA< l/UTBRUPT E/UAQL£ 

THIS BIT IS CLEAftSO BY P0U/£R RESET, AA^O /HAY 
BE SET Cft CLEARED GY 77TS PROCESSOR 

D5; RESET Bt/TTPA/ IA/TEYWPT" E/vft6LE 

TUIS BIT IS CLEARED BY P0U/SR RESSr, /F/WAY GC 

SET ( BUT A/OT CLEAREQ) BY THE PROCESSOR. 





/V/V\n ST (/v^ /V 1 ASKA<*t/E )/VTBkUf»r STATUS) 

THIS ADDRESS READS T HE. AIM T 5TAT1/S R&<9. 


D7 

D6 

D5 



Dl . this bit me/vT\FiBs aw w/v\x iwtervpt cai/sed 

BY BIT 7 OF Pi DISPLAY LIST IIVSTRUCTIO/V 
Dk. THIS Blf IDSA/TlFifeS A/V jVMI IMT6RVPT CAV3EO 
BY THE BESt/V/Vl/VS- 0F VERTICAL BU/VK. 

05. THIS BIT IDEMTlFllSS AAJ NMX IA/TEMPT CAUSED &y THE RESET 8H7TVAI. 

A/MiTRES (/VAIX ST/VTVS REt. RESET”) 

THIS 1A/RITE A0QAES.S RESETS THtE 
/HASR/iaie UlTBAUPT 57~ 7»TV3 R&Gl$nS# (wXsT) . 

NQT~ VS&fS 


CHR ftSE (CHARACTER. RDDRESS BASE ReeisTgrv) 


THIS AO ORES S WRITES DATA l A'TV TTtG 
ChtPcRACTfs R. A00R6SS BASE R£6/ 3VSO. 


' B7 

bl| 

n 5 ; 

M-J 

is] 

Dl ! 

.j 

Dl 

15 

14 

13 

ii 

ii 

ID 

4 


NOT 

u feoj 


S 


4 


I O 


-v- 

13ASE R E& i 




V 

CH-PtR. NRME. 


_y 




T7 


-V 

CHARACTER ftDORS<,S 


P/V) BASS. ( PLAYE/L'/HISSILE A0D06S5 BASE RECISTER) 

THIS AOORC5S WRlTtC S DATB ]A/T~V TH£ 
POAV€ft.-/*»3£lte. AOOrtClS 0*5i£ R£C/S7T£A 


Dl 

DO 

DS 

D4 

DS 

Dl 

IS 

Hr 

13 

II 

// 

It? 


w r 

USEb 


<1 8 


4 5 4 


I O 


V. 


"sftSe. REr, 







--y- 

PCrtY/E R-/VW55IH5 
5 Crt/V ^C’^/l/'nSR. 


RLH'/C R.-/HlSSJL<S ftDORE-SS 





HSCROLL (H-pai*o/VTfU scroll recistt&r.) 

TWK ADV>R(iSS WRITTrS DATA lA'TV TTt Gz 
H0RI ^tOA/TPil SCROLL RESISTED. 



O TO 15 COL OR. 

C LOC\L RIGHT SH I PIS 

/VOTE \ THIS /VU/>UiE^ D&Fl<v&S THE A/l//vif3£R OF HORLi# 

color clock ricwt shifts op displayed data 

ES.IAJ6- AORV^OA/TRUN SCROLL€.0. DATA IS 
HORR:. £CR0LLBft IF THE DISPLAY LIST 


1/VSTRUCTI0V CoNTTWflS A 1. IA/ IT*? H SCROLL 
Ft A 6- //vstr uctioa' rsyTc) 


V5C <RDL (veAHLAL SCROLL ReClSTER) 

TAIS *0flrt£S5 WRIT195 DA7W /A'H? T7/E 
VERTICAL SCROLL RiEC/STER 

D*3 1 511 DJ DO 


\ %=-J-f3 3ir_5 us ED F<7/? K LI A/E 

V. y 1 DISPLAY OAOO £S 

_f4- BITS l/SGO F£>* J£> L/A'lE. 

L /n^oe_s 

/Vf>TE' Tlil 5 A/UAH3EB, DEFl/VES T7yEl A/CA/neBR. DF UP WflrR'fc LIA/E3 
z7F v'eencflL picrvae. shift iv aaay scree tu 

RrPsEJl BEIA/tf- Vf£^T)CHllY 5CR0 LL l£G» OATH IS 
VEATICAUV SCROLLE.Q IF T7f£ DISPLAY LIST 
lA/Srftt/CTICU/ CONThWS Ps 1. IA/ ITS VSCROLL 
FLAG- BIT^RIT £ OF IAASTRVCT)OAA BVfG). TML SCP.01X./CQ 
AR&A WILL TERmiA/ATTE. W'TH 7HF FIPST IA/STTXLil7T17/1/ 
HiWJlAJF- Ft EzERO I A/ BITS, 










VCOUV T ( u&atica<_ couA/ry^ a)^ ^ AT bdttvm 

TH-IS Pib DRESS K5MS TTH-. VERTICAL COU/VTSfK. 

0% mgs r s/s/vi t\cAMT p i rs ) 


Ofa PS 04 P'S Dl Dl Sg ^— \j& WOT REAL. TWO LIME 

Vs Vi Vi, Vs v 4 V, Vi Vi w 


PtrAJ V ("light pew vermeil. vRive) 

THIS fl-DBftfeSS REMS THE VGJU1CRL LiClirr 
pea/ Resisre’R ( g aips r sicAsiPi caa/t bits) 


m Di. DS 04 D3 D1 Dl OS 1 


_L P -5 UOT PEftD. TW£7 LIA/E 

^ RES.OLUT1 OAJ SUPPLIED 


7 C 5 4 3 1 * js. ^,.iL, 


PEA; H f L16KT PEA/ H 0 R i 3b * LUE) 

tw/s Address re/?os the hori^oatph l liMt 


PEAJ 

RESISTS^. 




Dl 

Dl 

. . . 

F—— 

DS 

D4 

03 

Dl 

Dl 

D & 

HI 

bH 

HS 

H4 

m 

HI 

H) 

H& 



l^jhK. (wait F5R. H0R%. BLA/VR £yACHR4>/Vm/Vl) 


ajct users 


THIS ROOf\E.5S SHUT 5 A LATCH THAT PULLS DOW A* 
0 A/ 1~HE PLOY LI A/EL -TO THE. All C*ll? P ft 0 CSSSOR } CAVSIMC IT 
TO WAIT UA/T1LL THiS LATCH l*> A VTDMATl C HUY ^ESEF BY 
THE n&ClA/A/lA/C UP H ORIhOATTAL T2LAA/K § 


VC&UA/T 

LlASE *r 

VC 


V D 

V- 1 


1 VERTICAL 

T £ 

‘“ r r BLft/VK 

1 ! 

03 2.\ J 


m 












Pol 


<<< 
3 33 

oco 


XXI 

V)V)Vi 
300 


5 


t 


t 


G-RA CTL ( GRAPHICS CO/VTRD l) 


THIS A00R6SS WRITES DA-7A TP THE 
G^PtllC CCWTR0L RESJSTHR. 

AJ8TE i DMftCTL REGISTER 
«LSO CWmOL'i PLAVEnt- 
/VU‘S C »I LE DMA 


Wpr L/5E.D 

m 

1 

Dl 

— 

DP 

1_ 


DZ. T = WAHLS. LATCHES 0/V TRlfr 9 — *- T(^\f 3 J/vpi/rS 

(LATCHES ARE CLEAAEO /TVfl TRJ G £-*> TRIGS /?£r 

/as fyofiA) ft l i/vpvrs wheaj this coastroi mristsao 

* 

Dl. EA;flftl/E PLAVER* Dm A TO PLACER GRAPHICS REGS. 
DO. f^WAALir. /TKSILG Dm A TP FISSILE GRAPHICS REGS* 


M 


GrRAFPff —» GRAF P3 (planer. graphics registers) 


THESE ADDRESSES WRITE DATA DIRECTtN lyl/T/5 THE 
PLANAR GRAPHICS REGISTERS, IA/DEPS/VD&AJT OP D/TA, 


D"7 ^ 

j Dl 

Ds| 

D*j 

D? 

j Dz 

D* : 

Do 


V. 


LEFT 


• ' Rib/+r 

PLANfirt OAJ T\J SCR EE A/ 


(SR AF/Y\ ^ /VU SSI IE GRAPHICS RG6I5TER) 

THIS ADDRESS WRITES DATA DlRSCTLV WTO THE 
MISSILE GRAPHICS REGISTER ; / WO £ PSA/D BA/T OP D/T A 


D7 

Ei. 

1)S 

D4 

Tj 

1 Dl 
..J 

Dl 

DA 



m3 /viz 


H PCS P6 —» H P05P3 (PLAVER H-ORl^L. POSITION/) 
THESE ADORGSS&S. WRITE DATA l/VTD THE 
PLANER HOWEO/vTai POSITlDA/ REGISTERS- 


Dl 

— 

DL 

_ 

DS 

D4 


D2 

Dl 

DP 

D 

D 

1 

a 

D 

1 

D 

(0 

1 ' 


6 

i 

~1 " 

r 

0 

~ \ 


LEFT ED6E £F 'CRE9/J 
RIGHT EDGE DF SCREEN 








HPOSme —» H PPSYV\E (/vhss/ce hq<&. PoSiTt pa/) 

TWeSE/4flflA£.SS WRITES PATH l/VTT THE 
✓MISSILE W0«I%O/VTWL POSITIVE REGISTERS 


01 m, ns 04 1)3 01 Dl D0 


o E 


C> C 7 


o o 


LEFT ED6E 0P SL^E£/V 


R\G>ttT E.DCE. £P SCRESa/ 


S13:EP3-*»SljrEP3 (PLAV£R_ S/ESj 

THESE ADDRESSES WRITE DATA M/TO THg 
PLANER 51^6 CONTROL RASTERS 

A/^r uTifoZ Dl I Dfrf HOG*. SITE REG-,(PLfi'i6Q) 


D) Dl 


Nomftv 5l3r£ 
TWICE <bl^E 
A / 0 rt / vmi _ siie 

7J/H£S SI^E 


SREA\ (AU5S/LE 

THIS RDORf^SS WRITES DATR l/l/TO THE 
MISSILE SIV= £ WHIP l REGISTER. 

Di lot I os I 04 Inn m pi | noj h - orz . siee rep. (/w\$5/ce) 


/y\ 2 > 


/v\& 


0 0 NOmKL SITE 

0 i TWICE SI EE 

I U /VM/vmL 5J^2.e 

_ I I 4- Times 31EE _ 

Vt)El.AX (vERT\tAL DELA'<) 

THIS OPPRESS WRITES DATA 1VT0 THE 
VERTICAL TE.LAN RECIJTBR 

Wf-tEA/ 0Pg.RJVnA/£ IV Tffrz. 

1 " '\ S I , I , )., TWO UME. D/V>A AID DEL TT-HS^E. 

01 0^ | 05 |04[ Dl ( Dl | o I PE) BIT5> ,v, LL /y\oi/g. these sbtsctj, 

p3 Pi PI M3 M2 Ml MP<r- GY DMG. Tl/ CJA'G. 










COL P/V\ B CDL PM 3 ( color ) 

TH (t5 Tt. ADD<\6.SS£5 WRWB. TV THB PLRVB&- 
/KI/SS IL £ C 0 L 0 ft.-LU*A REiliSTeas, /^1/S5 WAWk 
TT+a. SH/V\fLCOlo(K-l\j/* AS THBlR PL fitH'&R VA/L£l$ 

/mssuas rr*z vseo as a 5 m puv£«(5ee B/rf 
0F'>fUOP**j / > 

/SB f= CPCBflK P*A ra/r) 

I j 1 I-]-1-]-1-1 [&ssi6A//v\eA/rs J 

m ni nc t\ 4 n% n? hi no L / 


Til DC DS M D 1 D« D© ^ 


CfrLPFg —» COL PF 3 ( PLav color) 

THest. ADDRESS feS WRI T*k DPtTPt TV THU? 
PLANFIl-Lfr /COLOR- LU/^\ RE.6(STG RS * 


pt| pc|ps|d 4-|03 I nxjai |n»| 


for sir 


COL Bftk (&ftc\<c>aouA/n coLodjjf] 7 

THIS ROORBSS WRiVSS DATTR TO TJHtS 

a AtHCROV/VQ COLOR* LU/v\ RS&IST&R 

~m Hu 1)5 | D4» | tn[ Dl]Di )y 5 7 a 

0 0.0 * t£RC> LVPAWftA/ce, {&LfirC K.) 

/< * * X 0 OO 

~ ~e tZ 

|ii m rx £_u/vu nkmcb. 

1 o o n ©T ^sx 
1 W U U I &-0L& 


/vmx L-VWwrj ftjVCfz.^voHl'TE.'} 


D 

O 

1 

°f 

V 

( 

O 


1 

V 

1 

1 

°i 

: 

1 

l 

O 

T) 

"l 

i 1 

1- 

I? 

1 

*i 

! D 

( 

V 

*« 

LL_ 

1 

I 

*1 | 




hi GHEa ram 


PRIOR ( PRIORITY ) 

THIS flODftfiSS H/RIT6S DATA l/VTD TW£ 
FR.lORIT'f C0/VTR01 RSGIST'EIK 



D5 1 

D+ 

03 

DZ 

01 

oe 


D 5 . mULTL. COLOR PLA'ieR EASft&Le . 

THIS BIT CAUSES THE LO&lCftL"OR" FVAJCT1O/O OF THE BITS 
Of- THE COLORS OF PLHVER & WITH PLAYER 1. t A/OO 
ALSO OF PLAVER -2 WITH PLATER 3. THIS PER/Y\\TS 
OUERLAPIA/6- THE POSITION OF 2. PLATERS WITH Pr CHOICE 
OF 3 COLORS \N THE OVERlft PED RE CIO A/, 

D1“. FIF7W PLfl'/ER Eyl/AftLE 

THIS BIT CAUSES ftLL MISSILES to pssu/viethe color 

OF PLAVFI ELD TYPE 3, THIS ALLOWS MISSILES TD EE 
POSI Tl 0/V E.D TD 6 ETHER WITH Pr CO A* MO A/ COLOR. f=o R 
USE FfS Pr FIFTH PLAYER. TYPE DETECT, 

D^DljDijDe. FR\a«iT'f s6Lecr(/nvTv^LiY Exclusive.} 

THESE BITS SELECT OA/E OF H- TVPGS OF PRIORITY* 
OBCTECTS WITH I HICHER PRIORlTl WILL ArPPEAR. TV 
MOVE 1 A/ FRO AST OF DETECTS WITH LOWER. PRIORITY, 


D~b -1 Dl-I DV ■=- 1 










TR\G-d } TRAG-1, TR\& Z,TR^3 ( tricqer ports) 

THESE. ADD ft ess €5 REA D PORT PI A/S A/ORMRUY 
COA//VECTED TP THE CPPTROLLEfV TRUHE/l GUTTDWS. 


hot- U^Ei\ 
fe.BF.0 F=0t\c&f±) 


(RLL ARB R6«0 ! /V D &) 
v (Qisrre*/ ?EAos ^ 

5<f£ SeLeus 


COMSOL. 


(cpa/sole. sluitch port) 


THIS ADDRESS RSflOS 0R WRITES DATA 
FRt?/'* TW£ COPS ova. SWITCHES AWO 1/VOfOA ToA S 


- r^TS T eS ;--i-!- ^ERoS /HOST RE WR)TT1£P 

Gl&a* f oRt^ry) m D1 D1 D& TO THIS ADOft£S5 IP DR OCR 

— - J - 1 - 1 - 1 TP READ THE SWITCHES. 

ONES WRITTEN U//U PUU D91PAJ OP TfrE SWITCH L\A/£. 


/L/0T& *Tftl £ •& THAO TR»G-3 Ff\i& /Vi>*/V1FilY RSfitQ 

DH\.£CTIY BY AA F» [ BIT 2. 0F 6/Z&CTL = O) , /F B/T 2. 

£Bjactl rs * j Twesrs ia/put^ nns ljatcas. n 
TH-eY <i<5> T7? LOCtC P±G&P, T‘t+&S& 

LATCHES AR(S R£SST(t«i/£) U/H-g^ fiiT'Z. DP- GRACTL s:£> * 






/V\© PF, /V\l PFj /V\'ZPF,/A3PF (/VUSSILE TO PLAYPIELO 

COLLI 5117 A/^) 

THESE ADDRESSES READ /YHSSILS TO PLAYPI,660 
COIL IS 117/VS. 


,MUT use ft „ 
O&ERP F6RC6D^ 

D*S 

Dl 

Dl 

D&] 



3 

Z 

1 

© 

«-PlAYFf£LD TYPE 


P© PF, P1PF, P2.PF, P3PF ( PLAYER TP PLAYF/EZ,0 

-* COLLISIONS) 

TWE5E ADDR£SSSJ READ PLAYER 7P PLAYF/ELO 
COLLISIONS. < 


A/or vsen 
(leftD P0A.C6D) 

DV 

ni 

Dl 

Dfr| 



3 

Z. 

/ 

6 * 

PLAY FIELD TYPE 


maPL./VJIPL, M2.PL,/V13PL [™*s$iia to plover 
--- collisions) 

THBSf .r ADDRESSES REA/3 AlSSiLE TP PLAYER 
COLLXS 1174/S 


a/ot useo 
C^tCRa FOftOSO) 

Dl 

Dl 

Dl 

na 


3 Z 1 ©-^— PLAYER TYPE. 

PS PL, PI PL, PZPL, P3PL. 

( PLAYER TD PLAYS (V. 
collisions) 

READ PLAYER TD PLAYER 

THESE E-0DA6S56S 
Co UK 104/S 

A/OT 1/S6D 

(tew poRcen) 

Dl 

Dl | 

Dl j 

no 



3 Z I O PLAYER TYPE 

(PLAYCR & ACfll/VST Pt^VVER « 13T flLLlv PH 5 R 16Ro)fr^, 


Hire LR ( COtLVSlO N '"HIT'' CLEAR) 

TH’lS U/ RITE AOOftESS CLEARS ALL COLLISION GITS 
D£SLRlA£ft FrfhOVB 


A/or vs an 






POT Oj —» POT7 (pot values) 

THESE ADORESSES READ THE VALUE (o to ?.z?) 

OF S POTS CUMMGCTE D TD TH-E. ‘g LIMB POT PORT 

THEY ARE VALID OMLV 
AFTER 2.2.V TV UMES 
FOLLOWlA/C THE " POTGrO" 
COMMA,VO DESCRIBES 
setpuj _ 

ALL POT~ (/=»LL POT L//VES 

TH/S aooaess READS THE PRESEaST state. 

OF THE. & LIMB POT PORT. capacitor Du/np -m«/v5iyrMS 

mvsr /BE TVtl/VGo OFF /BY 
C/thea TD f/bst For 

scaaj /ruroe (bit 2 op sgftcry 
ap. stpptiwc pot 5CAnt 

(PO TOO) 


PDT6-0 (start pot sca/v) 


D8 

D7 

Dfr 

D5 

DS 

D3 

D2. 

Dt 

bo 


V 

‘SPOTL/Z^G. STATES 




Ds( D>7 | 

I ^ 

bs\ 

D* 

f)3 

Dz 

*>•! 

Do 




-Y- 

EACH POT VALUE 




A/D DATA D/7T t/s€0 

T~tf/S WRITE AO0RES5 STARTS THE POT 
SCAM 5 E&VEMCE, THE POT VALUES (POT&-+ POT i) 

SHOULD BE REAS FIRST. THIS WRITE STROBE IS THEM 
USED CAUSIMC THE FOLLOW!A)6- SE&VEAACE • 

I* SCAM CDUA/TER. C LEAREO TD EERO. 

2. CAPACITOR DUMP TRAMSISTOR.S TURMSO OFF. 

3. SCAM Cl?VASTER BBGIMS COUA/TU/G 

“+* CD VASTER. VALUE CAPTVREO IAJ EACH OF 8 
REGISTER S(poTd>-*- POT 7) AS EACH POT LIME 
CROSSES TRIGGER VOLTAGE . 

5, CD VASTER REACHES 22.*$. CAPACITOR &D/MP 
TRAMSiSTORS T UR A/ED DtV, 






r 


KB COPE ( KEYB0/MQ O>0£) 

TH/5 PtOPR&SS READS THIE KEYBOARD CODEj 
PtA/K IS U5Tz.\JhLLX RE/fD IA/ RE^SPOPSG T7> /=V KEYBOARD 
lA/TEftl/Pr ( TRQ AA/O /3/FS 6 OK 7 OP XRGIST) 


D1 

Dfc 

b5 

D1- 

D3 

DI 

Di 

DO 


D7. - CAiTL KEY 
Qfe. - SHIFT KEY 


ATTACH 

Rtiy COCH hi H~IZH 

LTTE Cl (Actual 4- /hsxt\ 





ooo 


"as 

M : 


t 


5KCTL (9GPJ/U P^r cq/vtrol 

THI3 ADDRESS WRITES DATA //1/7T7 THE REGISTER 
THAT" CCW7Y?0LS THE. CP/V FICUR ATI 0/U OF THE SERIAL PORT 
A/I/O A/TP THE EAST POT SCAAU AA/Q KEYBOARD EA/ACZLE , 


D1 ! 
_ 1 

DL 

D5 

DA \ 

03 j 02. 

Di 

Df? 


/BITS ARE. A/0R./Y1* L L'/ ^l=R 0 
/ A AD PERFORM THE FI/A/CTI0M5] 
[SHOW/U DGL0W U/HE/0 TRUE 


D 7 * FORCE. TBPtEflK (force, serial output to eerd (space)) 
D (9 


_ SERI A-L PORT MODE COA/TROL 12 17 _ 

D 5 r f ( 5 EE MODE CHART AT EMO OP SERIAL PORT DE5CRIPTi0/V) 

D*J | 

03, TlVC7 TC/VE ( 55«lftL OUTPUT TRAA/SAAI TTEfj AS TWO 

TOA/E SI6/VAL l/USTEAQ £7F LDC 1C TRUE/FALSER 

03 -HaCJ—P.Q-TT (fast pot sc ha/, the pot sc aw cdvmtee 

COMPLETES IT’S OB&uEA/CE lA/ TWO TV LIME TIMES 
HUSTBPrO (UP OWE FRAME T)ME, THE CAPAClTVft 
DUMP TR A A/S I STOPS APE CPMPLETLY DlSSABLEo) 

—Kj=3 SCA/V (E//A'i2LES key guard slaa/a/uvc- circuit) 
DO, EA^/iB LEL D rclbO'JVC£L (/=,{/&ales keyboard deqoua/ce circuits) 

DO *01 (p> 0 TA IzERd) J. AM 7 ~r? UjZjz ( 0PI6 IA/AL POWER CA/ STATE 

AMD USED FOR TEST YU a) 


"J 






I 

* 


SERIN (serial i/vpi/t data) 

THIS A0DRES5 READS THE 2 BIT" PARALLEL 
HO LOINS- RECfESTER THAT 1 5 LOADED WHEN R FULL 
BYTE OF SERIAL IMPl/T bPtTT\ HAS BEEN RECEIVED, 
THIS ADDRESS IS USEUAUY READ IN RESPONSE TO A 
SERIAL DATA /V IA/TERUPT (XRO AMO BIT £ OF JOR(kS T~) 


D7 1 
_1 

|dl 

DS 

D4 ! 

D3 ! 

DT 

Dt 

DU 


56R0UT (SERIAL OUTPUT DATA) 

THIS ADDRESS W/RJTE5 TP THE 17 S/F PARALL&L 
HOLBMJQ REGISTER THAT I S TRPiMFEREIS Tfc THE 
OUTPt/T SERIAL SHIFT R&CISTER WH€V A FULL 3Y7TE 
0F SERIAL OUTPUT DATA HAS (3EE.A/ TRANSMITTED . 
THIS ADORESS IS USUALLY WRITTEN I A/ RESPONSE To 
A SERIAL DATA £UT IA/TERUPT(TR& Aa/O BIT A OF TRSLST) 


DT 

DL 

DS 

D4 

D"S | 

I ftl 

Dl 

DR 





HT3.S' S T ( IRQ. 5 A/TE RUPT 3 TBTVSy 

TTflS ADDRESS R.£=. AOS THf~ DATA FRcJ/V) THE 

XR.&. (A/raswrr sr/sri/s Rtrcjsrs-^ 

I-,- - - f -^-5-5-^- THESE RlFS ARE ND(l/*\f\ UV‘ 

D7 Dt 05 D4 03 f)l D) D& 1 (TRUE) H/OO Ob TD 

1 - 1 - 1 -*- 1 - 1 - 1 TP lA/niCATE THE FOLLOW jOG- 

FUVCTIOA/S 

D! . = 0 = BREAK KET lA/TERi/PT 

DC?. -0* OTHER. KtEX \/VTEAUf J T 

D 5 . - e = i/vrvr data rbaon i/vtbri/pt 

D1-.=& 5 5r^R\ AL OUTPUT DATA NEEDEO UU77=R!/pr 

D * 0 = SElRI/^L 6UTPVTT&AAJS/WISSI0A/ F=IAJISHEti bl/T&\UPT~ 

D2. - 0= Tl/^sa4 iA'TBRVPT - 

rs, C VOTE' £EE. TRO DESCRifalPA/ 

D\ - ©- xi/vieAs'z. wrERvrr oaap^zs{no j 

D0- 9=Tl R. i !/VTeA i/p T direct Reser 

cm/ sir 3y 

XR R E/V (XRGS l/VTHftl/PT £^8L£) j\ 

THIS FtOORESS U/rtiTSS DATA TV THE. X A «. \ 

/ /VnS-RUPT &A/fi<bVE Bl 73. Vl/ff£A/ THESE BITS HRS I 
THE. I/VTBRPPTS ARE. D)SSA&Leo(/H/VSYEtO) RA/Q j 
THE COMESP0MO\asG~ S IT Of- THE XR&ST (XRR 
l/v/TBRUPT" STTTTVJ ft££) | 3 RESET (TO LO.iU TTZUE)^^ 

03 1 Db DS 04 D3 OX Dl Dfrj 

Dlt R.REPK KGV l/VTTER V'PT EA/A BLE. 

DC? . OTHER KE'i *• 

D5. SEA\AL 1/VPvT 0 ftTFs REAON l/^TERVPT BA/AGUE 
IW. •* fll/TH/T •« A/EEDEG »* »» 

DS. seriai amr. Ti^Pr/t/s. riA/izRE d 1/VTB.A.VPT B/VAOLE 

D1-. Tl/^Ea A- » '« 

D1 . T\M£R X h 


Dl. 

D0 


TIMER. I 



II 





S K.ST7YT (SERIAL PORT- KEV00ARD STATUS) 

TttK A 0 D ft £ £ S RSftOS THE STATUS REGISTER 
Gl\JlAJG WFDRMftTlOAJ ABOUT THE SER) ft i PORT HA/D 

kfc'/GOARO. / 

/tut s Rae nor/v i/jxiv true \ 

r \ i i T » I ——l i r\ a je\ pom/mr T"Li /r r/11 # /m,/i w>»\ 


” I n( tsc na. rvs rvj m tvTI ™OVIDE THE FOLLOWING, 

D7 Db ftS D^- ft 3 D c ) D I Ds9 \J A/ FOR/SO ATI 0 A) WHrEAJ ±ERD J 


&7, = 6> = SERIAL ORTH INPUT FRP.tyE ERROR 
Dk- - 6 = SERIAL DATA WPVT 0VER-RVA/ 

D5• - 6 1 - KEYBOARD 6M/ER* RI//V 
DA* - CMRECT PROM SERIAL IA/PI/T PORT 
D3 * 5>- SHIFT KEY DEPRESS ED 
D2=e= KEY IS STILL DEPRESSED 

D I = 0= SERIAL 1WPUT 5H1FT REG. BUSY 
DP no~t u seni (ldsic tru e=) 


L A7CM S <5 

mvsr raii 

(\S5lr t = | 
(SKRES) 


Sk. RES (reset ABOVE 3 T7^Tl/S RSG/37 "£r) 

THIS WRITE PiDftRGSS RESETS BITS 7,& ; M0 5 
£>F THE SERIAL PORT-KEYBOARD STATES REGISTER TD 5L. < 


ruo D ATT* R,( rs 


RANDO M (rawdoao a/i/mber gemeratvr) 

THIS ADDRESS IRE ADS THE HIGH (ORDER. S> BITS 

OF R 17 BIT P0LY/V0/VU A L COUA/TJERi^ bit, if izir 7 of 

_ flU&<LTL=l) 

"t> 7 Dfcl ns I D4 1 r>s] nil Dl j DP 


1 



STI/YlEk. (START T//VI£R) 

TWS WRITE ADDRESS RESETS RLL PtU DID 
FR£fil/£,1/CV DIUIOE/2S TO THEuR " PtVDF" VALUB. 
THESE DWinGRS GEA/ERATE TIMER J/VTBRVATS UUHEA/ 
THEY COVa/T D 0\PAJ TV tE /?(?(if E/UArGLFQ (iRQFyvjjy 


NO DATA BITS 










<<< 

<300 


n 


i 


t 


A U ‘DCTL (AUDIP control) 


THIS M1DRES5 WRITE5 DPlTFI IA/TO THE. 
RVD\0 MODE COASTROL REGISTER 


D7 

DU 

D5 

D4- 

D3 

D1 

D1 

DP 


THESE DATH HCSISTER SITS 
CDA/T%i.O\. PiVOXO FVAJCJTU)AJS 
■DESCRIBED BEL OVJ 


BIT T 

BIT L 
BIT 5 
f5 IT j- 
131T 3 
Birz 
bit± 

3!T O 


CftftWCE IT BIT R&L Y IA/TO F\ q BIT POLY 
CLOCK CWftAJ. 1 WITH 1.1 1 MH ! A/STEP D ^-flCH^Z 

C LOCK CHPJU 3 VI//TH /.7q i/USTEAQ OF KH-2. 

CLOCK CHfUU z. WITH CHAW INSTEAD 0F 4,4 KHt(g^ 

CLOCK CHA/U 4- WITH CH f\N 3 } IA STS A D 5 F ^4 

INSERT HI PAS3 FILTER I/V CHAA/ 1 ; CLOCKED BVLHAW3. 
J/VSERT” HI PASS FILTFR. IA/ CHA/V Z ; CLOCKED* BYCH/W4-. 
CHAA/ 4 E. A/ 0 R/Y 1 AI 4 - 4 KH- 2 . FRSS, IA/TO IS KH 3 : 


clXFtCT f— Re &>U g. A/' C l £7 

T7TC. F r R(EQUEA/Cl 6S CIU'EA' PtGOVC^ Ptr P <FCZ0 XIMPTE. 

TW=, EX/Ur FREflue/VCY (F\s j ') THAT CLOCKS THE- DIVIDE- BY 
A/ CDVMTE.RC IS Ctl/e,ls &GLOMO 


F i/V 

FtA/ 


(ftP PRO*) 

(j=y.BcT) 


1 n p 

1. 73 'IT 4 

/MHl - 

44 KH4 

£>3, ‘TT. ID 

KH4 

JS KWE 

1 5 . 6 2 Fq 

KH4 


L5£ A/DA/HAL F£>rt/Mi/CH FOR Four 


THE {OMjRIRL FOJlftULP TOR Vl/TTl/T F-RE&U6/I/CY \ 5 . 


Fovr - Fia//z.v WHERE N s the BIA/AiM; 


A/l/MflER /A/ THE. FRS.S. RE6-(avdf) ; PLW5 1. (/V — ft\JDF-t-1) 

THE MODIFIED FPfc/VU/t A SHOVLti BE. USE. D WHE/V Fi/V = I ,7 <=! /Ntf? /WO 
F /V10RE EXACT RESULT If DESI RED,\ 


Foi/r = 


F\/v 


2(aU5F 4/a) 


WtTERE.; Aft - P- IF 2 6)T C OUA/TER(f\VL>CTL BIT 3 OR 4 * 0) 
Aft^T IF It BIT CDI/A/TER (AVbCTl BIT^0A4=l) 







! a 


AVJSFl » A0DF2.,AUDP3, (AUDIO FREQUENCE) 

; / 

THESE ADDRESSES WRITE DATA WTO EACH OF 
THE FOUR AUDIO FREQU£/VCV COASTRO L REGISTERS, 
EACH REGISTER CONTROLS A DIVIDE Wi^N" CDUJUTER 


D7 Dt D5 D4- DS DZ Dl DO 

C7 D 0 O £7 C7 L7 O 

0 0 0 0 0 O D \ 

O D D O O a \ O 

O O O O V O I I 

_£TC__ ___ 

i i i I I I ID 

1 Ilf \ I II 


2.5S 

ZSO 


\Z01E.) N 1 5 <7A/|= 
&R£/VTER ~THftA/ Ttt£ 
B/A/tf<Vf V1//1GER. 1/V 
WOIO FREtfWEViY 
FG6/STE/?. PrUDF=(x) 


AUDCI i&VDCZ , A UP C3 J AU DC4- (kuDIO CHANNEL CDAJTROL) 

THESE ADDRESSES WRITE DATA INTO EACH OF 
THE FOUR AUDIO CONTROL REGISTERS . 

EACH REGISTER CDAJTROLS THE NOISE CONTENT 
AND VOLUME OF THE CORRESrONPING- RUUD CHANNEL 


D7 Dfc D5> D* D*s Dz 51 Do 
o o o o 


I o o 

T xj 

I I D 

>c X x 


X 

ol o 

o 

o 


X 

— ■ - --, - .j 

i ! o 

. 

0 

0 


x 1 

.r i r 

1 

r 



D»l/lS0R."W" S£T f3Y rtUDtO 
FRcSl/EyVCY RECISTEAp 

17 BIT POLY -r 5 81T POLY 4W 
^5l3rT POLY fA/rZ 
4* BIT POLY *r 5 BIT POLY 4-A/ 

~5" BIT POLY 4 A/ -r £ 

17 Bir POLY -r/V 
PURE TONE -f A/-r-'2. 

>.BIT POLY 4/V 

FOf^CE OL/TTUJ- (yc.'-UM£ OMIT) 

LOWEST VOLUME (OF f) 
HALF VOLUME 
HIGHEST VOLUME, 







roivrn (part a) 

THIS A 0 0 ft £ $ 5 R5f505 OR iFRJTES DATr5 FZPA1 

PLAYER G P//Q PL/rVSft I G?/t/TR P CCS /L TACKS IF 
OIT Z OF PFsCTL IS TRUE. TPI5 AOORESS WRITES 
TO TrfE. DiRECTI^/V COPTROL REGISTER. IF 15.IT 2. OF 
PACTL IS EERO. 


H 


! bS 

1 

HE 

\ m 

.01 

DI i 

DS| 


L 

B 


L 

5 

yy/ 


Y 

JACK \ 



TACK & 


DT 

l Dt 

bS 

! M 

n i 

bl 

m 

j D2 


PORT F\ REGISTER 

/FDOAECSEQ IF QITZ'\ 
(of PACTL IS TRUE J 


A 

DIKE crriOAJ CONTROL 
R.GLC I S T£ R 



Di i l'.v £ f j r -l K i- i a/s 

(£3 = 1 .V PUT I “ C UT PUT) 


ADDRESS ers IF BIT 2^ 
OF RACTL IS ^ero y 


PACT L ^FOftT A COA'TRO o 


THIS AODRE53 WRITES . OK READS DAT* FRO/A 

THE. PORT A CO/VTR O L RECIS T~E A • 


PORT A CO/UTPOL PnEG- 

T- SET OP AESbTcR AS SpQPM 

(x ~DE5CR/(3EO B£U>U/) 

D2., C0F7TUJLS PORTA AOORE53IF£T DBSDftlQEQ AEOI/E 
( 4 - rsRT a REe-isrsiT O- nj^eentw c^ahtrcl 

D3. PERIPHERAL /^OTOR C0/VT RDL 

( D= I = 1 

D~7. <?a^Lv)perph. A lAJTEfRLPT STATUS BIT 

Preset oy per owe roar n register) 

[set ex per/pherh-l a imtbkvpt J 


•REflQ 0 /U 4 Y 


TY7 


DC 


D5 


DP 


ni 


DI DI 


DP 


X 


I X X o x 


DO. PERIPHERAL A l/WTEROPF /E/VPGLE. BIT 

fRESET GY POWER TVR/V OW OR PROCESSOR^ 
\5ET B Y PROCESSOR. 






PORT" s (pars) 

T7t(S AQ0RES5 REPOS OR WRITS5 DATA FROM 
PUV*£RZ A//D PLftVGR 3 CPVTROUL SR TACKS IF 
OiT 2. DF PQCTL /S TR,Uc-. TF/5 ADDRESS WRITES 
TO TFE. DIRECTUM/ CtfPTsROL REGISTER IF BIT Z 0F 
PQCTL (5 

cn! nu ns I n* I rri nz ni n?9 I PORT B REGISTER 


(ml 

1 n* 
i 1 

I DS 1 

1 DA | 

' D3 

in 

, 

n 'l 

DP 


L 

6 

Pyy 

T 

L 

8 

F ) 


Y 

“JACK 3 



\r 

TACK ^ 


DT 

DC 

b$ 

D'f 

m 

DZ 

rp 

Dl 

D9 


ADDRESS £Q 

OF TBCTL IS 


F QJTZ'N 
t aye. y 


Dl fVCCl I l7/V 0 F 0 r £ i< p ; A/S 

(zD = i /v p yr i - o vt p u t) 


DIRECT/ V AJ CO/JTROL 
R£GJST& R, 

TeDDR ESS £ rs IF BIT Z 
DF FBCTL IS -li^O > 


PBCTL (poirt B CD/uttol) 

T'rilS RO DRESS WRITES OR REPOS DATA FA 07*1 

TTtlz. PORT Q CO ASTRO L RECiST&CR. 
r rca o o/t/rr ’ 

Dl DL DS DA ni Dl D\ Dtf FORT B COA/TROL REG- 

X O f I X X Q X SET UP RcSI^TcZ AS StfOM 

(X= D<5SC^.lG£0 BBCOUyJ 

D2., COFTROi S PDRTB AOPRB55 f,V£- DESCRIBED /AG>Ol/ £. 

( 1 ~ roKT 3 RECI5 r£R 0- Dl RttCTlOA/ COA'TRCL RGG-Cj 

D3. PERIPHERAL CD* 1/Y1A/V0 i OE/VT) F/CATJO A/ 

D7. (RE/tO CWll) PERIPHERAL S l/VTERUPP STATUS BIT 


DO, 


Rt~ SG.T RV FEftDI/l/C PORT 13 REGISTER. 
SET BY PER! PltBRftL /3 UVTBRU PT , 


PERlPH-ERAl B I AATER.U PT E/V REUR KIT 

/’rPSET BY POH/&R Tl/R/V iW <?R. PRPC/CS5<7R_ 
| 5BET BY PR0C<E55<i>R. 








OP. £^<T. 

RWD 

/YlRVITOR 

(ko/vQ 

1 x/o 

t_ 

flp flic- 

AT IDA/S 
4* I 

( RDM) 

MPPL)£- 

/=*tioa/.s 

^2_ 

(ro/'a'I 


r\A/v\ 

i ETP/TKl TV 




X/O 




DETAILS 


FF PF 


/ ' " /' / ’ ] 

/ / / - / i 

D FFF 

DEOD 

/ 

.5K 

PORT A i 

DDFP 

E. 0 0 0 / 

PORT B 

DC 0 0 

D F FF 


Kfx'f 6D 

D 3 FF 

0(5 DO 

IK 

SERIAL 


C FFF \ 

PORT 

POT PORT ! 


\ 


/AUCHD | 

D 2D0 


ROOD 
A PFF' 


qooo 


3PPP 
7 FFF 
7000 
5, FFF 


K // 

lb// 


)rs ALPHa-/V!//a: 

i 

m\ssiL£^ ; 

1 K TW &. PORTS I 


WA/t/560 
DEOO 5 

DDFP T 

f PIfl 
DC 0 0 J 

D3FF ^ 

> pokey 

D ^ DO y 

d7ff; 

rUIWU^GD 
&L0D \ 

D5FF ) 

DSO O -< 

§POb 3* ftAJ! !C 
D3FF 3 


ISO OO 


CTXA 


NOT U5GQ OV CAM 07 /VIOREL 


5000 

4FFF 


/ K 

u< e.*paww/ ■ 1££.°- 

ZL FFF 


4-K I RM/VA 


/ O DO 
O FFF 
OO DO 


ME./V\0RT /M A P 






I ^ 









CXT A ADDRESSE5 


/= ADDRESS 

WKiTE. 

READ 

/V Pi/VYfZ. 

q i=s cp i pri 0/v 


A/A M E 

| DESLRIPT/i/A/ 

D3> FF 

1 

i‘ 





D 

VREPEar 0EU71A/ 3 

] MURE. 

Tl/tt£5 


D 0 2. D 

J 






DO 1 F 

COMSOL 

WRITE CONSOL 5W. PORT 

GOA'S 0 L 

READ CONS £7L SIM PORT 

DOI E 

HI 7~CLR 

C0LU5I OAJ CLEAR 



DO 1 D 

©-RACTL 

C-RAPmCS LO/VTRPL 




D 0 l C 

V DELA'Y 

VERT, DELA'I 





I) o i a 

PR1 OK 

PRIORITY 5ELE.CT 



D O 1 A 

COL Bl< 

CO l-LV/W BK6/VD 



D 0 1 «f 

C L? L P F3 

COLOR-LUM OF 
- PL/3VFIELCS 

3 

i 

DO IS 

COLPFB 

Z. 


D O l 7 

COLPFI 

u 

1 


D D 1 fo 

COL PF0 

II 

D 


DO 15 

col p/vn 

, COLOn-LVAO OF 

3 


DO 14- 

CP L PM 2. 

| PLA'I ER-/VM SSlLE. 

2. 


D 0 1 3 

col p/y\ i 

l\ 

1 

TR 1 G-3 

RFA rs 


D0I1 

COL PM © 


a 

TR 1 6-7. 

COA/TRPLLE R 


D CM 1 

6-ftAFAO 

CRAPH-1CS ALL MISSILES 

TRI 6- 1 

TKICk&R. 

Bl/TTO/VS 


DO IO 

&RAFP3 

&RAPW ICS PL AVER 

3 

TRIO © 


D 0 O F 

&RAFPB 

1 I 11 

z. 

P3 PL 

REPO PLAVER 
TO FLAYER 


D DO E | 

&-RAF P\ 

" 11 

i 

P7 PL 


DOOD 

"&-RA F P 6>" 

W »l 

o 

PI PL 

COLLISIONS 


j D 0 0 C 

5ILE /VI 

S I4E. A LL MISSILES 

F© PL 



i DOOB 

S 1 E. P3 

SI^E_ PL AVER 

3 

/V13 PL 

RFAO /^ISSJLS 


D DO A 

5 1 iE Pa 

n n 

Z_ 

/VIZ PL 

TO PLA'/ER 


D O 04 

£1 ^E. PI 

ii ii 

1 

/VII PL 

CDLL ISI 0A/±> 


D DOE 

SltEPP 

ii »« 

© 

/Yie pl 


- 

D 007 

H POS /VO3 

HO/Vfc, POSIT. MISSILE 3 

P3 PF 

READ PLMER 

1 

! D 00 t 

f 

H POS Mi 

!| 11 H 

2 

P7P F 

TO PLH'/FlBLb 


D 0 O 5 

H Pos~m7 

n i * ii 

/ 

PI PF 

CC7LU5I O/i/S 

j 

DOO^ 

H P05 A19 

ii u u 

© 

P9- FF 



DOOB 

H POS P3 

" " PL AVER 3 

m3 PF 

READ MISSILE 
TP PLAVFIELG 

1 

—J 

[ D 0 02 

P P05PL 

11 II H 

2L 

M'Z PF 


mooi 

W POS PI 

if U 

1 

m pf 

COLLISIONS 


n o o o 

H POS P 6 

11 H 1« 

e 

mepp 












42 389 200 SHEETS 5 SQUAfcfc 






i 


AVT\t 

i----—— — 

ADDRESSES 

— ——— ——— — -- ■■—— ■■ — 

% 


£|0 Oft CL'SS /VPi/Y\f= 


DfFF 


W f\ 1 T EL 


^ DESCRIPT, 


READ 


DA- i 0 



D40F 

NMER t=S 

peser ajm r 

l/VTSRl/PT 5T7TTL/5 

- - 

/mi st 

A//VJX / A/TErt urr 
S7-pr7L/S REG-, 

DA-OE 

NMTTztJ 

M/V)T /A/TT=RI2Pr 
FEL/V ftfl L PL 



DADD 



PE A/V 

LILI-fT PEA2 R£<S, 

V RT 


DAP C 

. 


DAO B 



DAO/A ; 

WJSAAK 

; 

WftlT F0£. H BLAA2K 

S'lASUNZOA/l SIAA 
-L 


pea; h 

VLOVAJT 


L-ICHT Pfr.V R£G 
hf 0 f\-=b . 

VE.RT)Crt L LI A/E. 
CDUA/TER. 


DA 0 A ! CPtBA5E character 0 A-se j 

ADDRt=5S RES-. 


DA 0 S 


H4 D 7 p/y\ P ASF O’LFs AT \Uf-L 
UH U f I /< Il_>n jl_ BASE. frODRESS RES. ] 

DA-OL I j 


DA -05 V-SCROLL vert, scrdu reg. j 


na. O^L ac/oni 1 KDRI^t. SCROLL R&6.1 


DA* 04 ht SCf\0L L 

5 i 


^ DI5PLH'/ LIST 

DA- 03 DLi STH pqia/ihr. (high bnte') 

IC _. DISPLAY LIST 

L- . 0 c. DLi ^ I L PDIA/TER (lOW BVTE^l 


V s -A Hi I PI -4 PvT "FI C E 4 A 5 ^. A CTTT fV 

u-f0{ CH/ACiL : CC7/v/moi _ R£L6 . 


DADO DAWTL D/v ^ CDArraoL r E 6 


















4 


<<< 

ooo 

UUIUUJ 

XXI 

(/)««/» 

ooo 

«oo 


f 


t 


POKEY ADDRESSES 



IV R 1 TE 

HEAD 


D65CRI PDl?*/ 

A/A/V} E. 

D ES cn 1 p n 0^ 

DBFF 

1 

D S’ 1 0 


EflrT Pr$ PEL0W 

6 3- m i7/= 

’E TIA1EJ 

D S’ 0 F 

SKCTL 

S’ERl^l PPf?TAKGY 
CO/VTflOL 

SKSTAT 

SERIAL PORT ■+- KEY 
STATUS REG-, 

D20E 

XRQE/V 

TTR.G. 1 /VTG.RVPT 
EA/ABLfE. 

TR&ST 

IRS 1A/TE RUPT 
STATUS REG-. 

D 2 OD 

5ER0UT 

SERIAL POTT 
OUTPUT RS<F, 

SERTAJ 

SERIAL PORT 
1/VPUT RES-.. 

Q ? (7(1 





D20Q 

POTGrO 

START FOTSCA/U 

5 fB&UGA/ c fE. 



5«0A 

S*KRE5 

RESET STATUS 
( si^smT ) 

RANDOM 

RA //Otf/VA A/UA16 , 

D90<1 

STiMER 

STWRr Tl/YA6r?5 

RECODE 

KEYGOAKQ CODE 

DS Og 

FUDCTL 

AUDIO £.£> A/TYROL 

/ALLPOT 

READ g” LiA^E- POT 
PORT STATE. 

D20T 

AUDC4 

RUO\0 CPtftN, °r 
CPASTKO 1_ 

POT 7 

. 

READ TM e 

V/=VLUfE 0 F 

EPrCVJ PQT 

Ofe 

/AUDF4 

AUDIO CrtPi/V. A 
FRE.&U€A'C\ 

P0T6 

D S 05 

AUDC3 

Piumo LHhAJ. 3 

CC7A/TR. 0 L 

P0T5 | 

D3 0f 

A0DF3 

audio CHAA/. 3 

FFE.lZueA'CY 

PO T 4 

1 

1 

D203 

AU&C2. 

AUDIO CAPi/V. Z 
<e OA/ra o l 

por3 

] 


D80£ 

AUDFZ 

fli; Dl Q CH-PAS. -2- 

FR Etf l/£/U<rv 

POT 2. 


Dg 01 

AUOO 

ML/DID CA-TAa/, 1 

o l 

POT 1 

... :• f T - ..... ._ . . J 

r 

i 

DS’OO 

AL/DFI 

AlODID CHP\AJ 1 

P A/StfUEA/CY 

POT-O ] 


cka^A^all 'ifeX.'f. -to 


















I 


PH A ADDRESSES 


ADORPSS 

IT ff 

I 

bC Of 


W R I Tli 


READ 


/V A/VI El 


D E SCR I F 


/VA/AiT i DESCRl PTl JAy 


RfeffSA/ AS 5H0UM/I BELOUO /V)f\AJ s { T\/aES 



D C OS P^C i L P(?R 1 13 coa/troi PBCTL sa/we as write 

— —— - } - 

DC 02. PACT! F0*r a C0/yrftt?L PACTL u 


0 C 0 


_ DIRBCTtfA/RBG^STeA! 

BOR I B IP PBCTL BITS’* Q POftlS i S7W1/5- AS WRITE 
_ (fmiERWlSR y0 

__ TACK 2. 4- TACK 2 TACK 2. 4- TACK 3. 

PtfRi B IP DIRECTION BiTS PORTE |F DIRECTUM BITS 


ARE i_ 


ARE £J- 


_ i DIRECTUM/ REGISTER ! 

PORi A if PACTL 131T2. ■= o PDRTft j AS WRITE 

_Q CD Q _:(b77V£ RWIS g^)_]_|_ 

: TTA CK A «A XAC k I TACK -& 4- TACK I 

1 £,(-.» A //= DIRECT! 0/s BITS j PUR) A i IF Dl RECTlOW B) FJ> 
__ _ ar>_ i_ _]__ ; are e ^ j 

ft/OTTL ' Ol/TTUT DATA IS PE TA1/1/6/] l/V TTTCK OUTPUT REGISTERS, 
OF Dl R. TECT) OW BITS ftRETRi/g, A RERrD OF TTHS 
TACKS WILL REftQ OUQ DATA FR0/V1 THESE REGISTERS, 






1 


1 

POKEY PI /V 


'T1 ( 

£DI 12^4-} 

1 





WlfLRNRL 





f 

1 - 1 


T/PE 

pm*. cap. 


D (SCD/Alpno/V 


• 

1 J 

vdd 


1 


+5 7 POIVE f\ 



• 

VS5 

cse,cst 


1 N 

7Pf 

&-R0UA2P 

CIA IP SELECTS 




F\Q - F\~S 


\N 

7 Pf 

P-OORG5S S!9S 




Cp2. 


l/V 

1 4- Pf 

CLOCK 

PPP/A AAp(\. 7? MP-S) 



k/w 


\N 

7 Pf 

R£fC- 

-WFUTE CCVVTRUL 



IR& 


PD 

15 Pf 

HA)TH.RUP7 R06U2E5T TD AP 


<<< 

DS-Dl 


lAJ-f T5 

IS Pf 

D ATP* 

SUi 



ooo 



/3U 


PtVDID OUTPUT 



XXX 

kB- i<5 


PD + R 


KE7I30PRO 5CA/V 

OUTPUTS 


ooo 

•ooo 

—c* 

~CHO> * 

KPJj KR/L 


1 A/ 

7 Pf 

KEYBDAKQ SCA/V INPUTS 


42-38 
42 38 
42 38 

P£ - P7 


S+ PD 

IS Pf 

POT 5CAAJ 




SXD 


S 

7 Pf 

SET) ft L PORT INPUT QATPi 


il 

S C> D 


PD 

15 Pf 

SERIftL PORT OUTPUT DftTR 



BdLK 


IA/+ PD 

IS Pf 

Bl-Dl RECTlUA/ftL 

SER\ftl PORT CLOCK 



0 C LK. 


PD 

15 Pf 

OUTPUT £E.Rlftl PORT CLOCK 




^PIN 

J_ NAME 



PIN # 

NAME 


f 


1 

V5S 



uo 

D2 


w 


2 

D3 



39 

' D1 




3 

DU 



38 

' D9 




h 

D5 



37 

fli/D 




5 

d6 



36 

A9 




6 

DT 



35 

A1 




7 

02 



3 »+ 

A2 




8 

P7 



33 

A3 




9 

p6 



32' 

R/W 




10 

P5 



31 

CS1 




11 

PU 



30 

cse * 




12 

P3 



29 

■IRQ 




13 

P2 



28 

X 

^•op 




lit 

PI 



27 

oai< 


\ 


15 

P9 


- 

26 

BCLK 


! 


16 

RES' 



25 

KR1 




17 

VDD 



2h 

SID 


% 


18 

k5" 



23 

K0 


w 


19 

kF 



22 

K1 j 


i 


20 

K3 



21 

K2 








A/A/WE. 


C. T 

TVfE 


A PI AJ Lid 


ia/tepmal 

N\ RX, CAP. 


i (CD i-I zhs ) 
DESCiMPTt 0 AJ 


VbD 

vss 


+ 5 V PDWE.R 
6-ROLWD 



C59 ) 

LSI 

IN 


7 

Pf 

CHIP 

SELECTS 



FS 0 - 

-A4- 

IN 


7 

Pf 

ADDRESS BUS 



0Z 


l/V 


14- 

Pf 

CLDCC 

FROM JAP 0*7 S’ 

AMi) 


DSC 


CLK 


7 

Pf 

OSCi LL/TOR 1A/PUT (3, S'S’ 

MHi) 


F Q> ©“ 

FD + RD 




FAST CLOCK TO AAST1C(3 

,S S M HEj 


R/W 

\N 


7 

PA 

REA D- 

■WRITE CzWTROl 


eoo 

</5 </></> 

m<0«0 

HALT 

IN 


7 

Pf 

h-alt 

REtSUeST FR.D/M A/VT1C 


PAL 


\hJ 


1-1- Pf 

PAL COLOR CLOCK (PAL VEASIOW tO/ULIJ 

iS)<S)U1 

ooo 

*ooo 

DEL 


Y 


SO 

Pf 

COLOR 

DELAY AOTUST 



F\N 9 

-PiNZ 

IN 


7 

FF 

VIDEO 

FROM PtAJTIC 



CS'IN 

PD-VR.D 




COMPOSITE STVC A UTPUT 

* 

SM 

L9 - 

LC. 

PD 




LUAVASANCE. OUTPUT 


3*5 

COL 


PD 




COLD ft 

. OUTPUT 



Dfi- 

D3 

IW+Ti 


IS 

Pf 

QAT/A 

eu s 



D4- — 

D1 

IN + PD 


15 

Pf 

DATA 

T2VS> 



TP - 

T 3 

//V +PR 


25 

Pf 

TRIGGER inputs 


• 

S© - 

S3 . 

/" A/ + PD + R 

Z5 

PA 

CONSOLE. SWITCH INPUTS- 

OUTPUTS 

• 

PIN # ' 

NAME 


PIN # 


NAME 

/=//'-' # 



1 

A1 


Lo 



A2 




2 

A9 


39 



A3 

16 

DEL 


3 

VSS 


38 



AL 

17 

COL 


1* 

’ D3 


37 



Dlt 

18 

PAL 


5 

D2 


36 



' D5 

19 

AN9 


6 

D1 


35 



d6 

20 

AN1 


7 

D9 


3U 



D7 

25 

CSYN 


8 

T9 


33 



R/W 

2 U 

LG. 


9 

T1 


32 



CS1 

23 

LI 


10 

T2 


31 



csa 

22 

LTL 


11 

T3 


30 



02 

21 

AN2 


12 

SB 


29 



F09 




13 

SI * 


28 



OSC 




lit 

S2 

\ 

27 



VDD 




HALT 





ST 


7ITIC. Pl/V Sf 


EC 


S St 


<<< 

ooo 

</></></> 

</>ooc✓» 




W «2 


t 


TYPE 


PflRft/VlETE^ 


IN(/\JORMAl IA/P(/r) \NPVT LVSIL © LEVEL 

\NT'JT LO&IC l LEVEL 

_S( SCHMITT TftICLEO) J/VPl/r L01V THRESHOLD 

i/vrvr wi6H M 

H7STE1\|5/S 

Y(c.DLDR ADJUST) ADTVST/V1E/VT R/YA^E 


R.D(drive/v DEP- 

LE.TIOAJ PI/LL l/p) 


OUTPUT LOC\C I LEVEL 


P \J ( E/VHAAYPV\gyr 

PVLL UP) 

— w f ff «| 

PP (PUSH full) SAME. AS PD A/VO PU ' 

T5(TRX STATE) A5 PD A/VO PD 

PLUS CFF LEAk/T£.£ <g) Z„A- V , 


A U (audio out) 


SEE /VEXT PA5& 


CLl<(CLOL\< l/VPUT) | fUPUT LD6IC © LEVEL 

lA/PI/T L0&IC ( LEVEL 


D/ F 




TLLL 


V0LT5 

VOLTS 


Ml N 

/W AF 

1 

u/virs 


1 

CL S 

VOLTS 

T-,0 


VOLTS 

1 . D 


VOLTS 

1 ,7 

E. © 

VOLTS 

0.3 


VOLTS 

3.0 

6, L> 

VOLTS 

3 A 


VOLTS 

Z.2 


VULTS 


0, 4- 

VOLTS 


A 

VOLTS 


! 




(4 device sizes) 


(audio output) 

Sixteen Open-Drain outputs in parallel 


CHARACTERISTIC MIN TYP MAX UNIT 

Measured with 10 KJY 

pull-up to 4.7Vdc 


1 level 

3.7 

vcc 

Vdc 

0 level (smallest device) 


3.7 

Vdc 

0 level (next) 


2.9 

Vdc 

0 level (next) 


1.8 

Vdc 

0 level (largest device) 


1.2 

Vdc 

(Above are Stella Audio specs 

. presently 

tested for 

on Seni 

Device "on" impedence @ 5v 

(small device ) 

14.3 


KJl- 

(next) 

7.1 


K-iO- 

(next) 

3.6 


K-A- 

(largest device) 

1.8 


K-A- 

Device "on" impedence @ 2.5v 

(small device) 

8.8 


K-H- 

(next) 

4.4 


KJV 

(next) 

2.2 


K-A. 

(largest device) 

1.1 


k ~n- 







P[J\J LI ST” (c.DlZ'Llk) 

Pi All 

1L 




i wrepjvFL 



* | 


AV ft/i/IE 

TV PC 

/viax. 

1 

CP.i* 

DESLRi PTI 0/0 

1_ 


• 

V DD 

r 



+ S V POWER 



V55 




Gr-KOOASO 




$ 0- 

PD + RD 

1 5 pf- 


CLOCK TV 

AC P ( / .7S" 

/VI HE> 


d>z. 

l/V 

15 PP 


CLOCK FR9/v\ ^ F>( 1 .“7 2 /VlH^) 


K/W 

IIV+PU 

7 P P 


RE/3D - WRITE. ££>//TTR[7t 


HALT 

pp 



HHLT R ES?i/EST TO WLP 

A/190 <5 7“A 

< < < 

=1 = 3 

R&Y 

pp 



Wftir RESVEST TD WLP 


300 

/VMI 

pp 



ZWTERVPT 

RESVEST TO M P 

TTio 

ooo 

F #0 

CLK 

7 PA 


CLOCK FROM C TE A ( 3 ,5" S’ /^HE) 

-NO ■ 

030500 5 

Rfr'S 

1 A/ 



POWER 0/0 

RESET 


5 

LP 

5 



LIGHT PEW 

l/V POT 


ij 

REF 

PP 



REFddSH CVMTPOL TO 

RPrM 5 

2 

R.WAML 

l/V . 



RESET 1951 

A/S- A//V32T 

l/VTEPVPT 


PNG- hM2. 

PP 



VIDEP TV 

LTTP 



A 9 —Pi 3 

l/V +Ti 

15 PA 


ADDRESS 

B VS 



R4 - A 7 

TS 

IS PP 


ADDRESS 

nvs 


i 

AS - A15 

l/V -+- T5 

)£ PP 


AD DRESS 

nus 


• 

Be -di 

i/v + rs 

i 5 PP 


DATA BV5 


1 

PIN # 

NAME 

PIN ft 


NAME 

PI4/ 



1 

Vss 

1+0 


D7 




2 

LP 

39 


d6 

16 

-Aie 


3 

AN 2 

38 


D5 

17 

.An 


U 

AN1 

37 


d4 

18 

Al2 

“9 £ ^ 

5 

AN©- 

36 


RES 

19 

Al3 


6 

RNMI 

35 


F09- 

20 

02 


7 

NMI 

3 it 


08 




8 

HALT 

33 


D3 

25 

AS 


9 

REF 

32 


D2 

2U 

A 9 


10 

A3 

31 


D1 

23 

Al5 

S? 

11 

A2 

30 


'Da 

22 

AMU 


12 

Ai 

29 


Ait 

21 

VDD 


13 

AS 

28 


A 5 



# 

lit 

R/W 

27 


A 6 




15 

RDY 

26 

_ 

A7 
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CDOE'i WfwOdT/MP 00780/% CELLS (?>.i 101 it. i?oTts) 

l li i n i I i ; i i ' I i I ' i ' i ■ j i ; | l i i | i 


1 E>iV 1 


L 5 co^a^s.^.^APT. COOL A MEWAOKI WlP MlBDl% CELLS OW7o|HBm^:> IfclTS F 

I ;:i; I; i i r i j. mi' ,■ n ‘ i r rtir r Ti x i; I TTTi~rr r1~rn 

j cou>*--. Ae>,^» COCCM.C. MH/iAOaT mftP IU! ICO/ILZ CELLS 0t/2o,2i 1 ^ lT p 

ttt— mi TTrh rn dt ttt rrn t r nirn fy/m i rr.l.Txrii.r[1 im rn 1 ctf i n xt m t rn frn i ii 

Hh-yp- j ). r- 4 --i-Xm -4 J: } 4 : | r f-i < FFFf FFI f f-FXrpiXr L^.i}EEpSl'tEEpSX'riTt»4J:I illi t:| FXi 1 Fi 

1 Couoa -.A6,,AP+.^.AnL CODE. b. t MEVUoEY MAP /2^/MltM CEXLX [VlholK XfciTS pj 

x ejxixxLl! 1 1 1 ixhi iTn.r t irnlnaiTuiTn t iTib.rjtL.r.rli i i hnti rr! mtxi ii ru ha 1 1 11 
xif U 1 f.l i.l \ 1 LI | I F.lIxE I | Uf [ FT.T]XS f.{ { Ff E1 IjXXTfU:) |1 XX]X IF } TI.l.}:iTl JJ.Rpl If U i } t 1 
- mm :COOF_ L U\tu 0R7 rnftp 250/ 320/ Mf c eus mho Hi OXa I Mr PC 


C 0 U 5 X-.XP 2 i£, ^ 2 .^ | COOL L (VXxuorr/ mftp 250/320/ Mf CeuS mhoni i pc 

•FHSif.nffn-t{ri tout t ru f tx tLTtmo itii.irtH.rn I'EtFErHJEEfei ^nn tin’UTiti nrf nteHttiltt vnii hti lEfifrii H-ttknHi fhEiiuh HXFi^fe x uxti vf ut ilnn 

^ I I ^ x-x if / O —s / j / /■ ^-T c~J r~ , r ^ A -r—i— C"* ' J Ti .T~ <-* 


cocoa: f ap^JcQOFL (o,? 5 CCLoM Ibnof Zi CELL OXCOrCreJlS • IfeiTvi 

........1.. : ... i_L__I±r3JIL=±L____t__-4—__1__4_ 


FHF 


Srrei: 




—X2L- 1 AS6 < P- H ^ ( rdS 

Tfc >i Dl N 


coayM f\e>. ap4\api. 


BTTts: r 

__ix 


DT PS D3 ** 

fill D\r 

zcmixi: A3s..H^ 

in D2 w 


-— *-■*-*-*-*- -—i-*- 1 -— f ——- y- • - - ~—-r- 

apz. OOOL^t/X HColoL 3Zlioln CEJUL MftOKJxjiL 2 xxs 

I . I r&iTt-* i i i i 



J.EH.. bf. 


a, 1 ” 


RIR 


Sties:_L 

z 

L.£! 


1 ccLo^^^ur.u A P,,A^I COOL 7_ XLXUE.L 32/^03,28 CEXL CH AOJsCTEilS 
I -x- t - irrff ff f FMTM^ir * T “^ ■" T~T“ 1 T 

i _J_fftlii_.J-s.xxxx '* ' L— i-1—_1_—-L—1-1—-—1- 


rT° [w - if" 

PS'S TrmTi j 


1 TL\T Ff 

T“1“' 


1 i 

| ^ iUFgF(_ C£tu Q4(VRAQtRS l ^iV 

i I 


Si_ 


=cr£Z SS 111 





!5>7-fcF| 


CJHb-CHS- uppe.i. 
, Case. 


i chc-chX- mxjE-R. 

' case. 


171 FOLRX CLOCKS 
ffco cocoa.cioucs 


-Nftp 

MTEYADM 


\Q1 r Cu nf) ft r\c i/f C. 


















h V or 


U 0 Jochc?? 


rxcuifi 


’ep- I ct ocx. > % L\Mt c 0 x 


o. 1 Cl OCX f ^UriL CBJL 

lii ii 


H.—■ 1 tsYV6_ 


Like. VCS '■SopjroorAo' CAf!.Truoft>E_ 


LJ J 

1 1 1 1 II I l 

t>?| W'|t> 5 |trt| 

f U5 {m f di 1^> 

— 

mm r r 

h LM J 

[1 


ukc. Hc* 


-JL ~L CloCK_r T UriL. CSUU 


t 


D M fi ! ! 


(l_ ia.OCK->2UNX, 1 CLOCK ? lUeX ClLL ; 

vtro i m/hTn mixn i m±rm nitm i it i 


h-iBi it 


H ) DS |TiT t>r 

£>4 I W bi" !>*> 


Lj KE__ FAifLO 


fc-^TX_IAr/i IXCXi 

rl XTIT TTT.I 1 ETJ LIxIt.LTT TJXII 


t [H : ? £ - * t'jT HIeHXnXTEHIX^^ L FRITH -1 FFFFFFFFEg 

[i? 6 5 V II U T ‘ 


151TC, 


'£ L CUx* J i* 1U ne • 1 Clock I u ne. ceu, 

7 ” I xLlKC HALL 

i litII 111 r.ui ti ixhrrdiiitni Li.ti ii n i u fLijxrriU;ri t r;n In 1 
f} hi j i i i f i u | in jin } n t ] fi.i) 111} n i1 mi j I li jjim ri 11t1 ri n 11 n 

'll aoC/< * 1 URL Clu_ . Kv!* * W XSC ^ ^ 
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.HACtoOrJC COloCC. LMl.CMb") PCX 1 CLOCK r I UHE, 1 CLOC*< > ZUistf.' CrLi. 


CHMHE-Lf (V^> 


trr 


UKC UryiixiH ViDeo 


Tv* o&3£C 

n rrrrilri j i ru n 

UXi 


EBXXEHfpH 

Pfor e%Sn~oN*\V- AfZC^Di 

ii i ! 11 i (1 LI 

HI{ HljHI 


} HI 


Co/Mpb*<r OLO'l £L 

mtiLimhii 


- - r 

_ 4 


CLOCKS. 


.T“ 

*. | 

5 



GU3CV5> 




[ 


£(F i Clock. * J UKC , 1 CLOCK y 2Ur-C Cf,cL 


fl 

,?UtJFb 

l H 


!L UKCb 


c ckL 


—fl 


h *■■ 

X I/Z CLCCVl > 1UHC CclL 




OkE. per -Tjooi apple. m 


fs T 


UH«esJ 


i 


^ Cuc> 


c i/t CLOCK K iUHC ecu- UPPE/L/ LOCO CL CAbt 
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\0 U H 1 
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A 1 ML ANTIC 

STATIC feOAfWVCS (Stttf RATION 


IjEOurG. 


PROoRi\rAvv\\Hfc A-IGOlL £eu ijuMehz 
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